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RESUMO

No Brasil, os cées sdo considerados como o principal reservatério doméstico para Leishmania
infantum (sin. L. chagasi). Desta forma, o diagnostico da leishmaniose visceral canina (LVC)
deve ser rapido e preciso. Este trabalho visa comparar a performance da reacdo em cadeia da
polimerase (PCR) em detectar o DNA do parasito em diferentes tecidos para diagnostico da
LVC. Com este intuito, na primeira parte do estudo, foi padronizado um protocolo de PCR
convencional (cPCR), para deteccdo do DNA do minicirculo do cinetoplasto (kDNA) de
Leishmania sp., em 45 fragmentos esplénicos caninos. As mesmas amostras foram avaliadas
utilizando-se um protocolo de PCR quantitativa (qPCR) tendo como alvo o gene da
subunidade do RNA ribossomal (SSU rRNA) de Leishmania sp. Também foi comparada a
eficacia do diagnostico para LVC pelas técnicas moleculares e convencionais como a cultura
e o ELISA. A cPCR apresentou sensibilidade mais elevada para deteccio de DNA de
Leishmania sp. (88,9%), comparada a qPCR (83,3%). Possivelmente o melhor desempenho
da cPCR foi devido ao maior numeros de copias do kDNA no genoma da Leishmania sp.
Diante dos promissores resultados apresentados pela cPCR tendo o kDNA como alvo, na
segunda parte do estudo foi padronizado um novo protocolo de qPCR com este mesmo alvo,
objetivando-se aumentar a sensibilidade da técnica. Foram selecionados aleatoriamente 61
caes errantes e classificados de acordo com o niimero de sinais clinicos associados a LVC
apresentados. Todos os cdes foram eutanasiados, e durante a necropsia, foram coletados
fragmentos de linfonodo, aspirado esplénico, medula 6ssea e sangue. Também foram
realizadas culturas esplénicas e ELISA. A qPCR foi empregada para a avalicdo da taxa de
detec¢do do DNA do parasito e carga parasitaria nos diferentes tecidos. As diferencas entre a
carga parasitaria de cada tecido foram avaliadas pelo teste de Friedman (p < 0,05). Para
inclusdo dos tecidos nas analises dos resultados de qPCR, foi avaliada a integridade do
material genético de cada amostra. Desta forma, 52 animais apresentaram resultados que
atendiam aos critérios de selecdo para bago, sangue e linfonodo, e destes, 24 animais também
atendiam aos critérios para medula d6ssea. Utilizando-se a qPCR e considerando pelo menos
um dos tecidos avaliados, foi detectado o DNA do parasito em todos os cdes. A qPCR
detectou DNA do parasito em 98,1% dos aspirados esplénicos, 80,8% das amostras
sanguineas, 53,8% dos linfonodos e 41,7% dos aspirados de medula 6ssea. A carga parasitaria
foi melhor detectada nos aspirados esplénicos, em relagdo ao linfonodo, nos animais
oligossintomaticos e polissintomaticos (p < 0,05). O aspirado esplénico foi o tecido com
maior taxa de detec¢do do DNA de Leishmania sp. pela qPCR. No entanto, ndo foi achada
diferenca estatistica entre a carga parasitaria do aspirado esplénico e do sangue. Desta forma,
a amostra sanguinea, por ser a segunda amostra de melhor taxa de detecgdo, e por necessitar
uma coleta menos invasiva, foi considerada como uma amostra alternativa valida para a
deteccdo do DNA de Leishmania sp. em caes sintomaticos, utilizando a qPCR.

Palavras chaves: Leishmania, PCR, Bago, Cao, Diagnostico
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ABSTRACT

Because infected dogs are widely considered to be the main domestic reservoir for
Leishmania infantum (syn. L. chagasi) parasites in Brazil, the diagnosis of canine visceral
leishmaniasis (CVL) must be made both accurately and promptly. The aim of the present
study was to compare the performance of the Polymerase Chain Reaction (PCR) to detect
parasite DNA in different clinical sample for CVL diagnosis. For this purpose, in the first
stage of the study, a conventional PCR (cPCR) protocol was standardize to detect the
presence of Leishmania sp. kinetoplast minicircle DNA (kDNA) in 45 canine spleen
fragments. The same samples were evaluated using a quantitative PCR (qPCR) technique
targeting the Leishmania sp. sub-unit of the ribossomal RNA (SSU rRNA) gene. A
comparison was made between the efficacies of these molecular diagnostic techniques and
conventional parasitological and serological methods. The cPCR presented the highest
sensitivity for Leishmania sp. DNA detection (88,9%), when compared to qPCR was (83.3%).
Possibly the cPCR best performance was due to a higher copies number of the kDNA in the
Leishmania sp. genome. Given the promising results presented by the cPCR targeting the
kDNA, a new qPCR protocol with the same target was standardized in the second stage of the
study, aiming increase the technique sensitivity. Sixty-one stray dogs were randomly selected
and classified according to the number of clinical signs of CVL. All dogs were euthanized and
lymph node fragments and splenic, bone marrow and blood aspirates were obtained during
necropsies. ELISA and parasite culture of spleen aspirates were performed to confirm parasite
infection. The qPCR was used to determine the parasite DNA detection rate and the parasite
load in the clinical samples. Differences between parasite loads of each tissue were evaluated
using Friedman test (p < 0.05). In order to include the samples in the qPCR data analysis, the
DNA integrity of each sample was analyzed. This way, 52 dogs fulfilled the selection criteria
for DNA results for spleen, blood and lymph nodes, with 24 of these dogs also fulfilling the
criteria for bone marrow results. Using qPCR, all the 52 dogs showed positivity, considering
at least one of the tissues evaluated. Positivity in qPCR was detected in 98.1%8 of the splenic
aspirates, 80.8% of blood samples, 53.8% of lymph node fragments and 41.7% of bone
marrow samples. Using qPCR, parasite DNA was better detected in splenic aspirates in
comparison with lymph node in both polysymptomatic and oligosymptomatic (p < 0.05) dogs.
Splenic aspirates have shown to be the tissue with highest Leishmania sp. DNA detection rate
using qPCR, however no statistical difference was found between blood and splenic aspirate
to detect. Thus, the blood sample, being the second sample with best DNA detection rate and
requiring a less invasive collection, was considered a valid alternative sample for Leishmania
sp. DNA detection in symptomatic dogs using the qPCR.

Keywords: Leishmania, PCR, Spleen, Dog, Diagnostic




I. INTRODUCAO

I.1. Agente etioldgico

As leishmanioses sdo causadas por protozoarios da ordem Kinetoplastida, familia
Trypanosomatidae, género Leishmania (MAURICIO et al., 1999). Essas doencas podem
acometer humanos, animais domésticos e silvestres (LAINSON e SHAW, 1978; KUHLS et
al., 2011). Nas Américas, a leishmaniose visceral (LV) é causada pela espécie Leishmania
infantum (sin. Leishmania chagasi). Estudos recentes de caracterizacdo molecular mostraram
que L. chagasi e L. infantum sdo indistinguiveis geneticamente podendo uma espécie ser
citada como sinonimo da outra (MAURICIO, STOTHARD e MILES, 2000; KUHLS et al.,
2011). De maneira esporadica, foi constatado que alguns casos de LV s3o causados pela
espécie Leishmania amazonensis (BARRAL et al., 1991; ALEIXO et al., 2006). Estes
protozoarios sdo transmitidos aos mamiferos pela picada de fémeas de insetos hematdéfagos
pertencentes a familia Psychodidae (NEVES, 2006; ROMICH, 2008). O Lutzomyia
longipalpis ¢ considerado o principal vetor bioldgico da LV no Brasil (SHERLOCK, 1996;
MONTEIRO et al., 2005).

A LV humana ¢é caracterizada por evolugdo cronica e sistémica, quando ndo
tratada, esta enfermidade resulta em morte de 90% dos casos (MAIA-ELKHOURY et al.,
2008). Estima-se que, anualmente, a LV seja a causa de 59.000 mortes no mundo, uma taxa
que ¢ superada, entre as doencgas parasitarias, somente pela malaria (WHO, 2002). Existem
relatos de casos de LV em 88 paises, contudo, 90% dos casos ocorrem predominantemente
em 5 nagdes: Bangladesh, India, Nepal, Suddo e Brasil (DESJEUX, 2004). No Brasil,
atualmente, a LV ¢ considerada, como um sério problema de satde publica, por estar
amplamente disseminada no territério nacional (SINAN/SVS/MS, 2011). Em 2009, esta
zoonose foi detectada em 21 das 27 Unidades Federativas, atingindo todas as cinco regides
brasileiras (SINAN/SVS/MS, 2011). Em algumas regides do globo, o cdo ¢ considerado o
principal reservatorio da doenga, podendo apresentar manifestagdes de leishmaniose visceral
canina (LVC) (DEANE e DEANE, 1955; PARANHOS-SILVA et al., 1996). Segundo Alvar
et al. (2004), a LVC esta presente em cerca de 50 dos 88 paises afetados pela LV, sendo os

trés maiores focos: a bacia do Mediterraneo, a China e a América do Sul.

12



As evidéncias que apontam o papel do cdo como principal reservatorio da LV nas
areas urbanas consistem em: presenca de elevado parasitismo na pele de cdes que pode
funcionar como fonte de infeccdo para o vetor, e relatos da ocorréncia de enzootia canina,
precedendo a infec¢do humana (MOLINA et al, 1994; BEVILACQUA et al, 2001;
OLIVEIRA et al., 2001; ALVAR et al., 2004; BRASIL, 2006; MARGONARI et al., 2006;
MADEIRA et al., 2009). Diante desses fatos, uma das principais medidas de controle da LV
preconizada pelo Ministério da Satde (MS) consiste em identificar e eliminar (eutanasiar) os

animais sorologicamente positivos (BRASIL, 2006).

L.2. Patogénese

L. infantum € um protozodrio bifasico, que se apresenta em duas formas distintas
durante seu ciclo de vida (ALEXANDER e RUSSELL, 1992). No interior do trato digestorio
dos vetores flebotomineos, os hospedeiros invertebrados, o parasito encontra-se na forma de
promastigota (KILLICK KENDRICK e RIOUX, 1991). Enquanto que, no hospedeiro
vertebrado prevalece a forma intracelular obrigatéria, amastigota, encontrada no
fagolisossomo de células do sistema fagocitico mononuclear (ANTOINE et al, 1990;

ALEXANDER, SATOSKAR e RUSSELL, 1999; KAYE e SCOTT, 2011).

O ciclo biologico da LV se inicia com os insetos vetores infectando-se ao
alimentarem-se do sangue de algum hospedeiro vertebrado infectado (NEVES, 2006;
ROMICH, 2008). Na pele do hospedeiro vertebrado, encontram-se macrofagos albergando
formas amastigotas do parasito do género Leishmania sp. (KILLICK-KENDRICK, 1999).
Uma vez no tubo digestorio dos insetos, as formas amastigotas transformam-se em formas
promastigotas e passam a expressar em sua superficie uma camada de moléculas como
lipofosfoglicanos e glicoconjugados, capazes de proteger o parasito da a¢do das enzimas
hidroliticas presentes no intestino do flebotomineo (RUSSELL e WRIGHT, 1988;
TALAMAS-ROHANA et al., 1990; ALEXANDER e RUSSELL, 1992). Durante o repasto
sanguineo, a fémea do flebotomineo infectada, inocula na derme do hospedeiro vertebrado
promastigotas metaciclicas, que sdo as formas infectivas do parasito (KILLICK-KENDRICK,
1999).

Na derme, os parasitos sdo fagocitados pelos macréfagos. No interior do

macrofago a forma promastigota perde o flagelo, sendo capaz de se adaptar as condigdes do
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vacuolo parasitoforo (Figura 1) (KAYE e SCOTT, 2011). No interior desses compartimentos
fagolisossomais acidos e ricos em enzimas hidroliticas, as promastigotas se transformam na
forma amastigota (NEVES, 2006; ROMICH, 2008). As formas amastigotas se multiplicam
intensamente por divisdo binaria simples levando a lise do macrofago, e uma vez liberadas, as
amastigotas poderdo ser novamente fagocitadas por outras células do sistema reticulo

endotelial (NEVES, 2006; REY, 2008).

Uma vez que as formas promastigotas sdo inoculadas na derme do cdo, a infec¢do
pode ser: limitada, sendo controlada localmente pelos macrofagos; ndo disseminada, quando
o0s parasitos conseguem instalar-se apenas na pele e nos linfonodos, caracterizando um quadro
de infeccdo assintomatica; ou ainda disseminada, em caso de falha na resposta imune do
hospedeiro, onde os parasitos espalham-se por todo o organismo levando ao aparecimento da
doenca sintomatica (BANETH et al., 2008; SARIDOMICHELAKIS, 2009; SOLANO-
GALLEGO et al., 2011). A distribuicdo sistémica dos parasitos ¢ extensa na LVC. Apds a
picada do inseto vetor o parasito se distribui rapidamente nos linfonodos e baco,
sucessivamente ele alcanga os rins e o figado (MOREIRA et al., 2007). Finalmente, o parasito
se dissemina para os Orgdos reprodutivos, pele, bexiga, tratos digestorio e respiratorio

(MOLYNEUX e ASHFORD, 1983).

O desenvolvimento da infeccdo no cdo esta relacionado a fatores ligados ao
parasito, como a capacidade de resistir ao efeito microbicida dos macréfagos ativados, assim
como a fatores ligados ao hospedeiro, tais como, predisposicdo genética e tipo de resposta
imune (GRIMALDI e TESH, 1993). Adicionalmente, fatores associados ao vetor podem ter
reflexo sobre o curso da infeccdo, como exposicdo continua a saliva devido a repetidas
picadas do inseto vetor (COURTENAY et al.,, 2002; MORENO e ALVAR, 2002). A
susceptibilidade ou resisténcia a LVC esta intimamente ligada ao tipo de resposta imune
desenvolvida pelo animal, o perfil de resisténcia estd associado a predominancia de resposta
imune celular (Th1), enquanto caes susceptiveis apresentam uma acentuada resposta humoral
(Th2) (PINELLI et al., 1994; SOLANO-GALLEGO et al., 2000). Foi demonstrado que na
transi¢do do estado assintomdtico para aparecimento de sintomas, ocorre supressdo da
resposta proliferativa de linfécitos (MORENO et al., 1999; RHALEM et al., 1999). Desta
forma, na auséncia de resposta imune celular, pode ocorrer progressio para o

desenvolvimento da doenca (RHALEM et al., 1999; LEANDRO et al., 2001). Existem
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evidéncias de correlacdo positiva entre sintomatologia manifestada por cdes naturalmente

infectados, niveis de citocinas produzidas e carga parasitaria (MANNA et al., 2006).
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Figura 1. Ciclo biologico de L. infantum no vetor invertebrado e no hospedeiro canino; A:
fémea de flebotomo se alimenta de um hospedeiro infectado; B: o inseto ingere macrofagos
albergando L. infantum do tecido do hospedeiro; C: as formas amastigotas dos parasitos
deixam os macrdéfagos no trato digestorio do inseto; D: no trato digestério do inseto os
parasitos se tornam formas promastigotas moveis € passam a se replicar; E: as formas
promastigotas sdo regurgitadas durante o repasto sanguineo podendo infectar um novo
hospedeiro. Figura modificada de Greene 2006.
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1.3. Manifestacdo Clinica da LVC

Caes considerados resistentes conseguem eliminar efetivamente os parasitos
intracelulares no local da infec¢do e permanecer clinicamente normais (assintomaticos)
(CABRAL, O'GRADY e ALEXANDER, 1992; SOLANO-GALLEGO et al., 2000). Ja os
animais susceptiveis, apresentam no tecido infectado, um grande nimero de parasitos,
podendo ocorrer invasdo de multiplos 6rgdos por inflamag¢do granulomatosa e mecanismos
imunomediados  levando ao  aparecimento de  diferente tipos de  sinais

(SARIDOMICHELAKIS, 2009; SOLANO-GALLEGO et al., 2009).

Os sinais clinicos iniciais da LVC compreendem: hipertrofia dos linfonodos,
onicogrifose, edema dos coxins plantares, alopecia localizada e dermatite periocular e nasal,
estas ultimas podem rapidamente disseminar-se para outras regides do corpo do animal
(GREENE, 2006). Febre, apatia, diarreia, epistaxe, hemorragia intestinal, perda de peso,
inapeténcia, hepatoesplenomegalia, hiperqueratose, ulceragdes cutineas; ceratoconjuntivite
também sdo achados nos animais acometidos (CIARAMELLA et al., 1997, KOUTINAS et
al., 1999; MENDONCA et al., 1999). Em cerca de 60 a 90% dos caes sintomaticos para LVC
sdo detectadas lesdes cutaneas (KOUTINAS et al., 1999; SOLANO-GALLEGO et al., 2001a;
GREENE, 2006; SHAW, LANGTON ¢ HILLMAN, 2009). Dentre as lesdes cutaneas mais
comuns nos animais estdo: dermatite ndo pruriginosa esfoliativa, com ou sem alopecia, que
pode ser generalizada ou localizada no focinho, orelhas e membros (FERRER et al., 1988;
KOUTINAS et al., 1999; ORDEIX et al., 2005). A Figura 2 ilustra cies apresentando sinais

frequentemente associados a LVC.

Quadros severos de LVC se caracterizam principalmente por sinais tipicos como
ulceragdes cutianeas disseminadas pelo corpo, cegueira, anorexia, caquexia, onicogrifose,
dermatite, alopecia generalizada, levando o animal a morte (ALVAR et al., 2004). O
envolvimento renal na LVC ¢ frequente, principalmente devido ao acumulo de
imunocomplexos que causam lesdo glomerular (BENDERITTER et al., 1988; COSTA et al.,
2003). Sendo a lesdo renal considerada a principal causa de mortalidade da LVC (SOLANO-
GALLEGO et al., 2011).

Mancianti et al. (1988), classificaram os caes infectados por LVC de acordo com
os sinais clinicos apresentados em: assintomaticos (sem sinais clinicos), oligossintomaticos

(um a trés sinais clinicos) ou polissintomaticos (aqueles que apresentam mais de trés sinais
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clinicos caracteristicos). Todavia, recentemente, a classificagdo de Mancianti et al. (1988)
sofreu algumas criticas por levar em conta apenas disfungdes aparentes e ndo considerar
alteracdes clinico-patologicas, como anemia, plaquetopenia, alteragdes renais e hepaticas
(BANETH et al., 2008). Os principais achados laboratoriais bioquimicos na LVC sao
hiperglobulinemia, principalmente devido a elevada producdo de anticorpos e
hipoalbuminemia, atribuida a inflamacdo cronica, lesdes renais, hepaticas e intestinais
(CIARAMELLA et al., 1997, KOUTINAS et al., 1999; ALMEIDA et al, 2005). O
resultado destas alteragdes ¢ uma reducdo da relagdo albumina/globulina e hiperproteinemia
(ALMEIDA et al., 2005). O quadro de LVC severa ¢ associado a pardmetros hematologicos
como marcada anemia e leucopenia, caracterizada por linfopenia, eosinopenia e
monocitopenia (CIARAMELLA et al., 1997; REIS et al., 2006; TROPIA DE ABREU et al.,
2011). Trombocitopenia imunomediada também ¢ relatada, sendo responsavel por episédios

de epistaxe, hematuria e diarreia hemorragica (CORTESE et al., 2009).
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Figura 2. Principais sinais clinicos associados ao quadro de LVC; A: alopecia no focinho; B:
dermatite periocular com hiperqueratose; C: hiperqueratose da mucosa nasal; D: dermatite
ndo pruriginosa esfoliativa generalizada; E: lesdo ulcerada em orelha; F: crosta com lesao
vascular em ponta de orelha; G: linfoadenomegalia do linfonodo popliteo; H: caquexia; I:
onicogrifose. Fotos do acervo pessoal e do Laboratdrio de Patologia e Biointervengao (LPBI —

CPqGM) de animais infectados por L. infantum.
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1.4. Diagnostico

O diagnostico da LVC ¢ muitas vezes presumido pela identificagdo de
manifestagdes clinicas caracteristicas, no entanto, este deve ser confirmado pela demonstragao
do parasito utilizando-se técnicas laboratoriais (GRIMALDI e TESH, 1993). Todavia, vale
salientar que, embora exista uma grande variedade de técnicas diagnosticas para LVC,

nenhuma apresenta 100% de sensibilidade e especificidade (GONTLIO e MELO, 2004).

As técnicas sorologicas, como o ensaio imunoenzimatico (ELISA) e a reacdo de
imunofluorescéncia indireta (RIFI) sdo os métodos mais empregados para o diagndstico da
LVC (ALVES e BEVILACQUA, 2004). Até¢ o presente, segundo instrucdo do MS, os
inquéritos caninos para triagem e identificacdo dos animais soropositivos para LVC eram
realizados utilizando a técnica de ELISA, seguida pela RIFI para confirmagdo da infeccao
(BRASIL, 2006). No entanto, recentemente, uma nova instru¢do normativa foi emitida pelo
MS, indicando o uso do teste rapido dual path platform (DPP) para triagem dos animais, € o
ELISA como exame confirmatdrio, eliminando a RIFI da rotina diagndstica (BRASIL, 2011).
A implantacdo do teste rapido DPP esta sendo realizada gradativamente em todo o territorio

nacional, abrangendo todos os estados brasileiros, até o final de 2012 (BRASIL, 2011).

Os métodos parasitologicos como o exame direto de laminas e o isolamento por
cultura de tecidos, permitem a detec¢dao do parasito, € podem ser empregados como métodos
diagnodsticos confirmatorios para LVC (BARROUIN-MELO et al., 2004). Nas ultimas
décadas, as técnicas moleculares como a reacdo em cadeia da polimerase (PCR), foram
introduzidas para o diagndstico da LVC, apresentando elevada sensibilidade e especificidade
(MIRO et al., 2008). Estas técnicas detectam o material genético do parasito, podendo ser
empregadas como métodos confirmatorios em caso de animais recém infectados ou

assintomaticos que, na maioria dos casos, ndo apresentam soroconversao e apresentam baixa

carga parasitaria (SOLANO-GALLEGO et al., 2001a; ALVES e BEVILACQUA, 2004).

[.4.1. Técnicas soroldgicas

O ELISA e a RIFI sdao métodos diagnosticos geralmente realizados coletando-se

eluato de sangue em papel de filtro (BRASIL, 2006). Esses testes permitem a detec¢do de
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imunoglobulinas G (IgG) no soro, podendo ser utilizados para diagndstico de individuos

infectados, assim como em estudos de prevaléncia (GOMES et al., 2008).

O ELISA detecta IgG para LVC em uma reagdo realizada em placa, enquanto que
a RIFI utiliza formas promastigotas do parasito fixadas em laminas (BRASIL, 2006). A
vantagem do ELISA consiste no fato de ser uma técnica objetiva, uma vez que seu resultado ¢
dependente da densidade Optica produzida pela reacdo e lida em um aparelho de
espectrofotometria. J4 na RIFI, a leitura dos resultados ¢ realizada em um microscopio de
fluorescéncia, dependendo da capacidade do observador em detectar os imunocomplexos

formados.

Por diversas razdes, esses métodos ndo mostram resultados satisfatorios: i) s@o
produzidos utilizando-se como antigeno o protozoario inteiro ou o extrato do parasito (KAR,
1995; SUNDAR e RAI, 2002; SILVA et al.,, 2011); ii) o teste comercial de ELISA ¢
produzido com antigenos extraidos de L. major e ndo L. infantum (DA SILVA et al., 2009);
iil) apresentam reacdo cruzada com diversos outros patdogenos como Toxoplasma gondii,
Ehrlichia canis, e parasitos da familia Tripanosomatidae como Trypanosoma cruzi € outras
espécies de Leishmania (FERREIRA et al, 2007; TRONCARELLI et al, 2009); iv)
apresentam baixa reprodutibilidade; pelo uso de diferentes lotes de isolados de Leishmania
sp., que sdo cultivados, em momentos diferentes, podendo exibir composi¢do antigénica
distintas entre si (NOLAN e HERMAN, 1985). Desta forma, o resultado destes testes
sorologicos deve ser sempre avaliado com cuidado, procurando sempre associa-lo ao historico
epidemioldgico, quadro clinico apresentado pelo animal e, se possivel, ao resultado de outro
teste diagnostico mais especifico (DA SILVA et al., 2006). Entretanto, a identificacdo de
proteinas de Leishmania sp. que atuam como antigenos alvos, para a ligacdo de anticorpos
especificos detectaveis nos testes soroldgicos, t€ém conseguido melhorar a sensibilidade e

especificidade destas técnicas (SINGH, KUMARI e SINGH, 2002; FERREIRA et al., 2007).

Além do ELISA e RIFI, os testes imunocromatograficos vem sendo empregados para
o diagnostico da LVC utilizando proteinas recombinantes como a rk39 de L. infantum
(SINGH, KUMARI e SINGH, 2002; DOURADO et al., 2007). Testes rapidos utilizando
K39, quando empregados para o diagnostico da LVC, podem apresentar sensibilidade e
especificidade que variam de 70,9-84% e 84,9-95%, respectivamente, a depender do quadro
clinico apresentado pelo animal (MOHEBALI, TARAN e ZAREI, 2004; LEMOS et al.,
2008). A diferenca de performance destes testes, pode estar relacionada com o elevado grau
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de variabilidade nas respostas humorais observadas em caes infectados por Leishmania sp.
(PORROZZI et al., 2007). Desta forma, o diagnostico eficiente de LVC pode exigir uma
mistura de proteinas recombinantes ou a utilizacdo de proteinas quiméricas que contenham
uma proteina hibrida com epitopos de antigenos do parasito (COSTA et al., 2012). O novo
teste rapido DPP ¢ composto pelas proteinas recombinantes k26 e k39, representativas de

regides antigénicas da L. infantum (BRASIL, 2011).

Um estudo de Grimaldi et al. (2012) utilizando o teste rapido DPP demonstrou
elevada especificidade (96%) e baixa sensibilidade (47%) na identificagdo de caes
assintomaticos infectados, no entanto, a sensibilidade do teste ¢ significativamente maior
(98%) para deteccdo de animais sintomaticos. A adogdo deste novo método se deve ao
resultado de estudos comparativos da acurdcia da combinacdo ELISA-RIFI e do teste rapido
DPP-ELISA, onde o protocolo de implantacdo mostrou que o teste rapido DPP, utilizando
como teste confirmatério o ELISA, além de apresentar melhor acurécia, também demonstrou
melhor reprodutibilidade entre os laboratorios em relagdao ao ELISA-RIFI (BRASIL, 2011).
Outra vantagem do emprego desses testes consiste na falta de necessidade da estrutura
laboratorial e equipamentos, facilitando o seu uso no campo (GRIMALDI et al., 2012). Além
de diminuir o tempo necessario para o diagnostico, oferecendo o resultado em cerca de 15

minutos (DE LIMA et al., 2010).

1.4.2. Exame parasitologico direto e cultivo

A observagdo de formas amastigotas ou promastigotas em material obtido de
puncdo de medula 6ssea, bago ou de outros tecidos consiste no diagnostico laboratorial
definitivo da LV em humanos ¢ caninos (BARROUIN-MELO et al., 2004; REIS et al., 2006).
Assim, as técnicas que permitem essa confirmagdo sdo definidas como padrao-ouro (do inglés
gold standard) (DOURADO et al., 2007; GOMES et al., 2008). A visualizacdo direta de
amastigotas no tecido ¢ feita em lamina, utilizando-se coloragdes como Giemsa ou
Romanowsky (ALVAR et al., 2004). Contudo, apesar da especificidade dos métodos
parasitologicos ser muito elevada, a sensibilidade destas técnicas ¢ baixa, principalmente na
deteccdo de caes pouco parasitados, recém infectados ou assintomaticos (PINELLI et al.,

1994; SOLANO-GALLEGO et al., 2001a).
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O cultivo de tecidos permite a observacdo do crescimento de formas
promastigotas de Leishmania sp., em tecidos infectados, sendo os meios mais utilizados o
Novy—McNeal-Nicolle (NNN) e o Schneider (BARROUIN-MELO et al., 2004). Esta técnica
apresenta maior sensibilidade quando comparada a visualiza¢do direta de amastigotas no
tecido (MAIA e CAMPINO, 2008). Adicionalmente, a cultura torna possivel o isolamento
dos parasitos e sua caracterizagdo, podendo determinar quais espécies e/ou variantes circulam

em areas endémicas (DE ALMEIDA et al., 2011).

Em culturas positivas, as formas promastigotas podem ser visualizadas j& na
primeira semana de cultivo, no entanto, para se determinar que uma cultura ¢ negativa, sao
necessarias pelo menos 4 semanas de observacao (ALVAR et al., 2004; DE ALMEIDA et al.,
2011). Logo, a cultura do parasito ¢ uma técnica trabalhosa e demorada, que depende da
experiéncia do observador para que o diagnoéstico correto (MOREIRA et al., 2007; NDAO,
2009). Adicionalmente, a sensibilidade da cultura pode ser prejudicada pela falha de
refrigeracdo no transporte da amostra, ou contamina¢cdo da mesma durante a coleta, ambos
resultando em morte do parasito. Ainda, os meios especificos para o isolamento de
promastigotas ndo sdo de facil obten¢do, sendo uma técnica restrita a laboratdrios

especializados (PALTRINIERI et al., 2010; SOLANO-GALLEGO et al., 2011).

1.4.3. Técnicas biomoleculares

O emprego de técnicas biomoleculares como a reacdo em cadeia da polimerase
convencional (cPCR) e a PCR em tempo real ou quantitativa (qPCR), para o diagnostico da
LVC, demonstrou elevada sensibilidade e especificidade, superando resultados obtidos pelas
técnicas de ELISA, RIFI e cultura na detec¢do de animais infectados por Leishmania sp.

(REALE et al., 1999; SOLANO-GALLEGO et al., 2001a; MIRO et al., 2008).

O método da PCR consiste inicialmente na identificacdo de uma regido do DNA
do parasito, denominada alvo, para o desenvolvimento de oligonucleotideos iniciadores que,
em condi¢des ideais de temperatura e pH, hibridizam-se especificamente na regido escolhida,
levando a amplificagdo exponencial deste fragmento (SUNDAR e RAI, 2002; PAIVA-
CAVALCANTI, REGIS-DA-SILVA e GOMES, 2010). A cPCR ¢ uma técnica qualitativa,

sendo uma das grandes desvantagens desta técnica a necessidade de eletroforese em gel de
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agarose ou poliacrilamida, para visualizagdo do produto amplificado (REITHINGER e
DUJARDIN, 2007).

Por sua vez, a qPCR ¢ uma técnica quantitativa, com capacidade de monitorar e
quantificar a amplificacdo do produto, utilizando corantes ou sondas fluorescentes, enquanto a
reacdo progride (PAIVA-CAVALCANTI, REGIS-DA-SILVA e GOMES, 2010). Um corante
amplamente utilizado ¢ o SYBR Green (Applied Biosystems, CA, USA), que se liga de forma
ndo especifica nas sequéncias de DNA de fita dupla, geradas durante a amplificacdo
(REITHINGER e DUJARDIN, 2007). Ja o sistema TaqMan (Applied Biosystems, CA, USA),
consiste em uma sonda que se liga especificamente a sequencia alvo, e que, quando
consumida durante a amplificagdo do produto, emite uma fluorescéncia especifica; o uso desta

sonda aumenta a especificidade da técnica (REITHINGER e DUJARDIN, 2007).

A deteccdo de DNA de Leishmania sp. pelas técnicas de PCR pode ser realizada
em uma ampla variedade de amostras clinicas (FISA et al., 2001; MANNA et al., 2004;
FRANCINO et al., 2006; MAIA et al., 2009; GALLETTI et al., 2011). Manna et al. (2004),
avaliaram através da técnica da cPCR diferentes tecidos de cides naturalmente infectados,
obtendo elevada especificidade e sensibilidade: em 99% das amostras de linfonodos, 95% das
biopsias de pele e 94% das amostras de sangue foi possivel a deteccdo do DNA parasito. Um
inquérito realizado por Maia et al. (2009) em cachorros com diferentes quadros clinicos,
demonstrou que o uso de aspirado de linfonodos para técnica de cPCR ¢ ideal para o
diagnostico precoce da LVC em cachorros sintomadticos. Todavia, em caso de auséncia de
linfoadenomegalia, ¢ indicado o emprego de aspirados € medula 6ssea, pois esta apresenta

uma maior carga parasitaria em relacdo aos linfonodos (QUARESMA et al., 2009).

Reis et al. (2006) em um estudo citoldgico, demonstraram que o bago ¢ um dos
principais 6rgdos onde a densidade parasitaria encontra-se elevada durante todo o curso da
LVC, tanto em caes assintomdticos como sintomdticos. Saldarriaga et al. (2006)
demonstraram em um estudo de infec¢do experimental intradérmica com promastigotas de
Leishmania sp. em cdes, que 96 horas apés o inoculo, o parasito ja foi encontrado em
linfonodos e bago dos animais. Um outro estudo revelou graus varidveis de esplenomegalia na
maioria dos cdes infectados por Leishmania sp. (BARROUIN-MELO et al., 2006). Estes
achados fazem do bago um tecido importante e interessante para o diagnostico da LVC
empregando-se as técnicas biomoleculares (MAIA et al., 2009). Apesar disso, a obtencdo de
amostras esplénicas, mesmo sendo bem tolerada pelo animal, pode acarretar o risco de lesdes
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internas, como hemorragias (LEVEILLE et al., 1993). No entanto, em um estudo de
Barrouin-Melo et al. (2006) no qual foram realizadas mais de 257 pungdes esplénicas,
somente 2 animais tiveram alga intestinal aspirada e um animal apresentou hemorragia no
local da puncdo. Estes riscos podem ser minimizados utilizando-se aparelho de ultrassom que
pela visualizagdo do 6rgdo, permite a realizagdo de uma coleta guiada e segura (WATSON et

al., 2011).

A medula 6ssea ¢ considerada o maior 6rgdo hematopoiético e um dos principais
tecidos linfoides, sendo considerada um local importante de armazenamento de Leishmania
sp. em caes infectados (TROPIA DE ABREU et al., 2011). Os linfonodos por serem também
tecidos linfoides estdo incluidos dentre os 6rgdos onde ¢ mais frequente a detecgao do parasito
(MARZOCHI et al., 1985). Contudo, assim como a coleta esplénica, a obtenc¢ao de aspirados
de medula 6ssea e de linfonodos s@o considerados procedimentos invasivos (CARVALHO et
al., 2009). Desta forma, ¢ recomendavel a utilizacdo de amostras obtidas de forma menos
invasiva, como sangue e esfregacos conjuntivais (AOUN et al., 2009; DE ALMEIDA
FERREIRA et al., 2012; LOMBARDO et al., 2012). Essas amostras sao de obtengdo facil,
rapida, e de baixo custo quando comparadas as mais invasivas (Tabela 1), além de serem bem
aceitas pelos proprietarios dos animais (AOUN et al, 2009; MAIA et al, 2009; DE
ALMEIDA FERREIRA et al., 2012).

Tabela 1. Variagdo de custo dos procedimento de coleta dos diferentes tecidos para o
diagnostico de LVC

Procedimento Custo em €*
Coleta de sangue 7,20 — 8,50
Coleta de linfonodo ou medula dssea 13,00 - 17,50

* €1 = aprox. US$ 1,38
Tabela modificada de Maia et al., 2009
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Alguns estudos evidenciaram que a detec¢dao do parasito em sangue periférico €
menos sensivel, quando comparada com outras amostras de tecidos como bago, medula 6ssea,
pele e linfonodos (REALE et al., 1999; FISA et al., 2001). No entanto, Francino et al. (2006),
demonstraram que pela elevada capacidade da qPCR em identificar DNA do parasito, o
sangue pode ser empregado para o diagnostico de infeccdo por Leishmania sp., mesmo

apresentando uma baixa carga parasitaria.

Utilizando-se esfregagos conjuntivais, Strauss-Ayali et al. (2004) conseguiram
detectar pela técnica da cPCR 92% dos animais sintomaticos avaliados no estudo. Lombardo
et al. (2011) pela técnica de qPCR em esfregacos conjuntivais, obtiveram resultados similares
aqueles obtidos com amostras mais invasivas como aspirados de linfonodo. Leite et al. (2010)
também conseguiram detectar o DNA do parasito a partir de esfregacos conjuntivais de
animais assintomaticos pela técnica da cPCR seguida por hibridizagdo. Dentre outras
amostras menos invasivas investigadas, Solano-Gallego et al. (2007) avaliaram amostras de
urina pela técnica de qPCR, contudo os resultados descritos mostraram positividade somente
em cdes com lesdo renal severa. Naranjo ef al. (2011) demonstraram a presenca do DNA de
Leishmania sp. pela qPCR em glandulas lacrimais de cdes infectados, obtendo correlagdo

entre positividade e presenga de lesdo ocular.

Atualmente, o elevado custo da qPCR ainda constitui-se um entrave para seu uso
rotineiro (Tabela 2). No entanto, esse método apresenta vantagens objetivas sobre a cPCR
(MOREIRA et al., 2007; MAIA et al., 2009). Particularmente devido a possibilidade de
quantificagdo do DNA alvo, permitindo monitorar a carga parasitaria do animal no decorrer
de infec¢@o experimental, ou ap6s tratamento, em paises onde este ¢ permitido (PENNISI ef
al., 2005; MAIA e CAMPINO, 2008; MANNA et al., 2008; MARTINEZ et al., 2011).
Também na qPCR ha reducdo da probabilidade de contaminacao e rapidez da reagdo, uma vez
que ndo ¢ realizada eletroforese para visualizagdo dos resultados (ROLAO et al., 2004;

PAIVA-CAVALCANTI, REGIS-DA-SILVA e GOMES, 2010).
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Tabela 2. Custo dos principais testes diagnosticos para LVC, em diferentes laboratorios
consultados no primeiro semestre de 2012

Laboratorio — Pais

Preco dos testes diagnostico para LVC em RS

. . qPCR e

Citologia ELISA c¢PCR qPCR Citologia
Elleviti — Torino, Italia -—- 49.30%* 115.80* -—- -—-
Scanelis - Toulouse, Franga -—- -—- -—- 106.00* -—-
Laboratoire d'Anatomie
Pathologique Vétérinaire du Sud- - - - - 178.50
Ouest — Toulouse,Franga
Texas Veterinary Medical
Diagnostic Laboratory — San --- 45.00* --- --- ---
Antonio TX, EUA
Cornell University - Ithaca NY, « «
EUA --- 37.50 112.60 -—- -—-
Hermes Pardini - Belo Horizonte
MG, Brasil 25.00 40.00 168.00 -—- -—-
Laborlife - Rio de Janeiro RJ, . 50.00 180.00 - .

Brasil

* Pregos em Euros e Doélares convertidos em reais em 20 de abril de 2012

€1 = aprox. R$ 2,47; US$1 = aprox. R$ 1,70
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A sensibilidade das técnicas de PCR para detec¢do de Leishmania sp. depende de
varios fatores: as condic¢des fisico-quimicas da reagdo, a concentragdo e a natureza do DNA
da amostra e os iniciadores e sondas selecionados para a regido alvo (BASTIEN, PROCOP e
REISCHL, 2008). As regides alvo mais frequentemente empregadas tendem a ser altamente
conservadas e repetitivas como o gene da subunidade do RNA ribossomal (rRNA) ou o DNA
do minicirculo do cinetoplasto (kDNA) (SUNDAR e RAI 2002; ANTINORI et al., 2007;
BASTIEN, PROCOP e REISCHL, 2008; MIRO et al., 2008). Enquanto o gene rRNA esta
presente em 40-200 copias por célula, o minicirculo do kDNA estd presente em 10.000
copias, que encontram-se distribuidas entre 10 classes de sequéncias diferentes, conferindo

uma elevada sensibilidade as PCR que utilizam esta regido como alvo (LACHAUD et al.,

2002).

Nos ultimos anos, diversos métodos de qPCR foram desenvolvidos para a
deteccdo do parasito e o diagnostico da LVC. No entanto, as metodologias empregadas
variaram consideravelmente entre si, comprometendo a validade dos resultados obtidos. Essas
variagoes dependem de alguns fatores: falta de normalizagdo da amplificacdo do gene do
parasito em relacdo ao gene constitutivo do mamifero, falta de padronizagdo na determinagado
da sensibilidade e da carga parasitaria dos tecidos de animais infectados (BASTIEN,
PROCOP e REISCHL, 2008). Uma lista de trabalhos elencando a metodologia empregada e o

resultado obtido pela técnica de qPCR em diferentes tecidos, estd representada na Tabela 3.
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Tabela 3. Lista de trabalhos que utilizam a técnica de qPCR tendo como alvo o kDNA de Leishmania sp. em diferentes tecidos caninos, comparando as
diferentes metodologias e a utiliza¢do de controle interno da reacdo

qPCR Controle interno Amostra Resultado
Autor e Ano Limite d
Método ede Inibi¢do = Normalizacio Gene (n) Tecidos Tipo de estudo* Sensibilidade**
Deteccao
Pennisi et al. 2005 ND ND Nao Nao --- (6) Caes tratados Linfonodo, Pele e Sangue Nao comparativo -
0.001 o Medula 6ssea >
RNA18S (15) Caes com sinais 1a
Francino et al. 2006 TagMan parasitos / Sim Nao o ) Medula 6ssea e Sangue Comparativo Sangue
Eucariotico sugestivos para LVC
reagao o
0.001 ) Bago, Figado, Linfonodo,
Rodriguez-Cortez et ) ) ) RNA18S (6) Caes infectados .
TagMan parasitos / Sim Sim Medula 6ssea, Pele e Nao comparativo -
al. 2007 Eucariotico experimentalmente
reacao Sangue
] ) ) Medula 6ssea >
Solano-Gallego et al. 7 parasitos / ) GAPDH (10) Caes sintomaticos Medula déssea, Sangue e ., )
Syber Sim Nao Comparativo Sangue > Urina
2007 ml cdo infectados naturalmente Urina
o}
0.001 ) Linfonodo >
. . ] ) (18) Caes infectados . . 2
Manna et al. 2008 TagMan parasitos / Sim Sim B-actina Linfonodo, Pele e Sangue Comparativo Pele > Sangue
naturalmente tratados
ml o}
Manna et al. 2009 TagMan ND Sim Sim B-actina (56) Caes Linfonodo e Sangue Nao comparativo -

* Tipo de estudo: Comparativo': compara o resultado das técnicas diagnésticas; Comparativo™: compara o resultado dos tecidos; ** Sensibilidade: avaliagdo da deteccdo de Leishmania sp.
nos diferentes tecidos; @: Nao estatisticamente significativo, ND: Nédo disponivel
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qPCR Controle interno Amostra Resultado
Autor e Ano Limite d
Método ¢de Inibicio  Normalizagao Gene (n) Tecidos Tipo de estudo* Sensibilidade**
Detecgao
. Sangue

0.1pg DNA f3 -globina o,

Quaresma et al. 2009 Syber Sim Sim ) (35) Caes Medula 6ssea e Sangue Comparativo =
/ml canina
Medula 6ssea
Baco / Buffy coat /
) ) Baco, Buffy coat, Figado, )
1 parasito / . B3 -actina (12) Caes infectados . 1 Figado / Linfonodo
Maia et al. 2010 TaqMan Sim Nao Linfonodo, Medula Comparativo
reagdo canina experimentalmente / Medula 6ssea /
ossea, Pele e Sangue
Pele > Sangue
0.03 Linfonodo, Medula
Galletti et al. 2011 TagMan parasito / Nao Nao --- (88) Caes ossea, Sangue, Swab Comparativo ! ---
reacao conjuntival
Linfonodo, Swab

Lombardo et al. L .

5011 TaqMan ND Nao Nao - (138) Caes conjuntival, Swab oral e Comparativo -
Sangue
Glandula Tarsal,

RNA18S Glandula Lacrimal .

Naranjo et al. 2011 TagMan ND Sim Nio o (22) Caes doentes o Comparativo ---
Eucariotico principal e Glandula da

Membrana nictitante

* Tipo de estudo: Comparativo': compara o resultado das técnicas diagnésticas; Comparativo™: compara o resultado dos tecidos; ** Sensibilidade: avaliagdo da deteccio de Leishmania sp.
nos diferentes tecidos; &: Néo estatisticamente significativo; ND: Néo disponivel
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I1. JUSTIFICATIVA

O diagnoéstico da LVC pode ser dificultado por diversos fatores, como: o curso
relativamente lento da infec¢do (periodo pré-patente significativo), baixa carga parasitaria e
baixa producdo de anticorpos nos individuos que controlam a infec¢do e sdo resistentes

(QUINNELL et al., 2001).

A maioria dos cdes expostos em dareas endémicas, se torna infectada sem
demonstrar sintomas especificos e, frequentemente, com pouca ou nenhuma evidéncia
sorologica, dificultando seu diagnostico pelos testes soroldgicos (CAMPINO et al., 2000;
BANETH et al., 2008). E importante ressaltar o papel dos cdes assintomaticos no ciclo
biologico do parasito, uma vez que estudos empregando a técnica de xenodiagndstico
demonstram que estes animais também sdo infectantes para o flebotomineo, funcionando

como reservatorios (DA COSTA-VAL et al., 2007; MICHALSKY et al., 2007).

Os testes sorologicos utilizados atualmente para identificagdo da infec¢do na
populacdo canina, podem apresentar baixa sensibilidade e especificidade especialmente em
caes assintomaticos, recém infectados, ou cdes que apresentam um quadro clinico inespecifico
(OLIVA et al., 2006; COURA-VITAL et al., 2011). Adicionalmente, utilizando-se estes
testes, ¢ comum a ocorréncia de reagdo cruzada com outros patdogenos que frequentemente
afetam a populacdo canina e podem causar quadros clinicos similares a LVC, como E. canis
(FERREIRA et al., 2007). Um estudo de Silva et al. (2011) demonstrou que em 59% dos caes
soropositivos pela ELISA e RIFI, eutanasiados em uma area do Rio de Janeiro, ndo foi
possivel detectar o DNA do parasito pela cPCR. Em areas endémicas, ¢ comum também a
presenca de cdes com baixa carga parasitaria, cujo diagnostico resulta em resultados falso-
negativos, principalmente quando sdo empregados testes parasitologicos para o diagnostico

(ALVAR et al., 2004; GOMES et al., 2008).

Em conjunto, as limitagdes dos testes sorologicos e parasitologicos, levam a
falhas no diagnostico dos caes, contribuindo para que uma parcela dos animais infectados nao
seja removida, ou seja removida com atraso das areas endémicas, favorecendo a manutengao
do reservatério (BRAGA et al., 1998). Esses dados apontam para a necessidade do emprego

de técnicas mais sensiveis e especificas como a PCR para a confirmagdo da infeccdo por
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Leishmania sp. nos cies (SOLCA et al., 2012).

Relatos da literatura demonstram que, pelas técnicas parasitologicas e
biomoleculares, os tecidos linféides, como medula 6ssea e bago, sdo os que apresentam
melhores taxas de detec¢do da infec¢dao por L. infantum (REIS et al., 2006; MAIA et al.,
2009; TROPIA DE ABREU et al., 2011). Todavia, a obtencao destes tecidos é considerada,
por alguns autores como uma técnica invasiva para os animais (CARVALHO et al., 2009).
Assim, para o diagnostico da LVC, deve-se preferir utilizar outros tipos de tecidos, obtidos

por procedimentos menos invasivos, como: sangue e linfonodo popliteo.

A hipdtese do presente estudo ¢ que, empregando-se a técnica de PCR, o bago ¢ o
tecido com maior taxa de deteccdo do DNA de Leishmania sp. em cdes naturalmente
infectados. Desta forma, este trabalho visa comparar a performance da PCR em detectar o
DNA do parasito em diferentes tecidos para diagnoéstico da LVC. Com esta finalidade,
inicialmente foi padronizada uma técnica de cPCR para deteccao de DNA de Leishmania sp.
empregando-se material esplénico canino. Os achados diagnosticos dessa técnica foram
comparados com os resultados de sorologia (ELISA), cultivo esplénico (padrao ouro) e qPCR.
Em seguida, a segunda etapa do estudo teve como finalidade determinar qual o melhor tecido
a ser empregado para o diagnostico da LVC. Assim, utilizando qPCR para detec¢do de DNA
de Leishmania sp., foram comparadas as taxas de deteccdo de DNA do parasito de bago,

medula 6ssea, sangue e linfonodo popliteo, em animais com diferentes quadros clinicos.
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I1I. OBJETIVOS

I1I.1. Objetivo geral

*  Determinar qual o tecido mais adequado para o diagndstico biomolecular da

LVC em cées com diferentes quadros clinicos

IT1.2. Objetivos especificos

*  Padronizar uma técnica de cPCR para amostra esplénica canina determinando
sua especificidade e limite de deteccao

*  Comparar a sensibilidade do diagnostico soroldgico, parasitologico e
biomolecular em caes com diferentes quadros clinicos

*  Comparar a carga parasitaria de aspirado esplénico, medula 6ssea, linfonodo e

sangue total
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Articlﬁ history: Because infected dogs are widely considered to be the main domestic reservoir for Leish-
Received 21 June 2011 mania infantum (syn Leishmania chagasi) parasites in Brazil, the diagnosis of canine visceral
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leishmaniasis (CVL) must be made both accurately and promptly. The present study
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attempted to standardize a conventional polymerase chain reaction (cPCR) protocol for
the detection of L. infantum DNA in canine spleen samples. Quantitative PCR (qPCR) tech-

fg;z’;z’f{a nique was used to confirm the presence of Leishmania DNA in the canine spleen fragments. A
Canine comparison was made between the efficacies of these molecular diagnostic techniques and
PCR conventional parasitological and serological methods. cPCR protocols for spleen samples
Spleen were standardized using primers that amplify a 145bp fragment, located at the para-
Diagnostic method site kinetoplast minicircle. The genus specificity of the cPCR protocol was assessed by

its inability to amplify the DNA of other common canine pathogens, such as Ehrlichia
canis, Babesia canis, Toxoplasma gondii and Trypanosoma cruzi. cPCR protocol sensitivity
was tested by assessing the reaction detection limit, determined to be 10 fg of L. infantum
reference strain DNA, which corresponds to a range of 0.03-0.1 parasites per fragment.
Standardized cPCR protocol was used to detect the presence of Leishmania in 45 dog spleen
samples. Our results showed that 40% of the spleen fragment cultures were positive for
Leishmania parasites, 58% of the dog serum samples tested positive using ELISA, and para-
site DNA was detected in 44% using qPCR, while 47% of the spleen samples using cPCR.
Diagnostic methods performance was assessed and revealed a better degree of ascer-
tainment for cPCR when compared to other diagnostic methods. The sensitivity of ELISA
was 83.3%, qPCR was 83.3%, and cPCR was 88.9%; PPV for ELISA was 57.7%, qPCR was
75% and cPCR was 76.2%; the Kappa coefficients were found to be 0.40 (fair) for ELISA,
0.64 (substantial) for qPCR and 0.68 (substantial) for cPCR. In both oligosymptomatic and
polysymptomatic dogs, cPCR revealed the better performance analysis when compared
to other diagnostic methods. The findings presented herein establish cPCR as the most
indicated test to detect Leishmania when compared to the other two diagnostic methods
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evaluated. Despite the fact that the qPCR protocol provides a highly accurate quantifica-
tion of parasites when targeting the SSU rRNA gene, this technique does not significantly
improve the diagnosis of CVL when compared with the performance of the cPCR protocol,
which focused on the kinetoplast minicircle.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Zoonotic visceral leishmaniasis is a disease caused by
Leishmania infantum (syn Leishmania chagasi) (Kuhls et al.,
2011) a protozoan parasite that affects both dogs and
humans (Lainson and Shaw, 1978). Leishmania is transmit-
ted to human and animal hosts via Phlebotominae sand
flies (Killick-Kendrick, 1999) and, due to a high degree
of skin parasitism, domestic dogs are considered to be
the main reservoir of this parasite (Deane and Deane,
1955; Dye, 1996; Gramiccia and Gradoni, 2005). Canine vis-
ceral leishmaniasis (CVL) can present as an asymptomatic
infection or one with non-specific clinical signs, such as
weight loss, alopecia, cutaneous lesions, conjunctivitis,
onychogryphosis and lymphadenopathy (Ciaramella et al.,
1997; Koutinas et al., 1999; Baneth et al., 2008).

Considering the growing prevalence of CVL, the devel-
opment and implementation of more sensitive and specific
diagnostic techniques is crucial to controlling this disease
(Alvar et al., 2004). CVL diagnosis may prove challeng-
ing due to a variety of factors, such as a long course
of infection (significant pre-patent period), a low para-
site load in certain tissues and varied immune responses
among resistant and susceptible dogs (Pinelli et al.,
1999; Quinnell et al., 2001). The current gold standard
diagnosis for visceral leishmaniasis (VL) is parasite iden-
tification in the tissue of host species (Barrouin-Melo
et al., 2004). However, the low degree of sensibility of this
method, serological diagnostic tests, such as the indirect
immunofluorescence assay (IFA) and the enzyme-linked
immunosorbent assay (ELISA), are the methods gener-
ally used to detect VL (Alvar et al, 2004). However,
the literature contains several reports of cross-reactivity
when using these serological tests, specifically in sera
from dogs infected with other common pathogens, such
as Toxoplasma gondii, Ehrlichia canis and Trypanosoma
cruzi, as well as other Leishmania species (Ferreira et al.,
2007; Troncarelli et al, 2009). Furthermore, the fail-
ure of conventional methods to accurately diagnose
asymptomatic dogs, when compared with biomolecular
diagnostic techniques, has been reported (Solano-Gallego
etal., 2001).

Conventional polymerase chain reaction (cPCR) analy-
sis is a simple molecular technique for disease diagnosis,
which has shown improved specificity and sensitivity over
serological CVL diagnostic methods (Ashford et al., 1995;
Moreira et al.,2007; Maia et al.,2009), since it allows for the
detection of asymptomatic carriers (Berrahal et al., 1996;
Lachaud et al., 2002).

A positive correlation exists between parasite load and
disease manifestation in dogs with severe clinical signs
(Manna et al., 2009), emphasizing the need for highly sen-
sitive diagnostic techniques to detect infection in animals
with less parasitization.

Reis et al. (2006) demonstrated that the spleen is one
of the main sites where high parasite density is found
during the course of CVL in both asymptomatic and symp-
tomatic dogs. In addition, the spleen has been proposed
as a key site for the accumulation and multiplication of
Leishmania (Maia et al., 2009). These parasites are known
to survive for extended periods in the spleen, as has been
previously described in an experimental murine model
employing infection with viscerotropic Leishmania (Lima
et al., 2007). Previous studies have demonstrated that,
as early as 96 h after experimental intradermal infection
with L. donovani promastigotes, parasites were detected in
canine draining lymph nodes and spleen (Saldarriaga et al.,
2006). Moreover, another study found variable degrees of
splenomegaly in the majority of CVL-infected dogs studied
(Barrouin-Melo et al., 2006).

A previous study showed that splenic fine needle aspira-
tion had a higher rate of parasite detection, in comparison
with lymph node aspiration, using conventional parasito-
logical techniques (Barrouin-Melo et al., 2004). Another
study revealed that splenic aspiration appeared to be a
more sensitive procedure than bone marrow aspiration,
as well as being less painful and more tolerable in human
patients (Sarker et al., 2004).

The present study aimed to standardize a cPCR proto-
col previously described by Lachaud et al. (2002) in order
to detect parasite DNA in spleen fragments. The efficacy
of conventional parasitological and serological diagnostic
methods was compared to alternative molecular diagnostic
techniques by testing the degree of specificity and sensitiv-
ity for CVL.

2. Materials and methods
2.1. Sampling

Forty-five canine spleen fragments from an endemic
area for CVL were collected in 2006 during a compulsory
euthanasia program involving stray dogs in the City of
Jequié, located in the State of Bahia, Brazil. Each fragment
was collected during necropsy using a sterile blade, and
then was stored in liquid nitrogen until use. Prior to spleen
fragment collection, the stray dogs were submitted to clin-
ical, serological (ELISA) and parasitological (spleen culture)
evaluation for CVL. The ELISA technique and canine spleen
fragment culture test, the gold standard, were performed
as described in previous studies (Paranhos-Silva et al.,
1996; Baleeiro et al., 2006). The spleen fragments were cul-
tured for a period of 4 weeks in Novy-MacNeal-Nicolle
(NNN) biphasic medium at 23°C, supplemented with
20% FBS (Fetal Bovine Serum - Gibco BRL, New York,
USA) and 100 p.g/mL gentamicin to avoid contamination
(Sigma Chemical Co., St. Louis, MO) (Barrouin-Melo et al.,
2004). For parasite identification, microscopic observations
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were performed at weekly intervals for no less than 4
weeks. Dogs were clinically classified according to the
presence or absence of common clinical signs of CVL,
including weight loss, alopecia, cutaneous lesions, conjunc-
tivitis, onychogryphosis and lymphadenopathy. According
to Mancianti et al. (1988) in the absence of any observable
signs, dogs were considered to be asymptomatic; in the
presence of one to three clinical signs, dogs were classi-
fied as oligosymptomatic, in the presence of three or more
signs, dogs were determined to be polysymptomatic.

2.2. DNA extraction

Frozen canine spleen fragments from euthanized dogs
were thawed and DNA was extracted from a 20 mg sec-
tion using a DNeasy® Blood & Tissue Kit (Qiagen, Hilden,
Germany) in accordance with manufacturer protocols.
Once extracted, the quality and concentration of each DNA
sample was determined using a digital spectrophotome-
ter (NanoDrop® ND-1000, Thermo Scientific, Wilmington,
USA). The integrity of each DNA sample was evaluated
using a 0.8% agarose gel. The DNA samples were then
adjusted to concentration of 150ng/pl, aliquoted and
stored at —20°C until cPCR and quantitative PCR (qPCR)
assays were performed.

2.3. cPCR

To detect parasite DNA in canine spleen samples, cPCR
assays were performed using the technique for para-
site DNA detection in canine blood samples described
by Lachaud et al. (2002). Under standardized condi-
tions, amplification was performed in a 20l final
volume containing: 150ng of DNA; dATP, dCTP, dGTP
and dTTP at 10 uM each (dNTP Mix® Promega, Madison,
USA); 1.5mM MgCl,; 2l PCR buffer at a concentration
of 10x; 1.25U of Taq DNA Polymerase (GoTaq® DNA
Polymerase®, Promega); 1M of each of the following
primers: 5'-CTTTTCTGGTCCCGCGGGTAGG-3’ (RV1) and 5'-
CCACCTGGCCTATTTTACACCA-3’ (RV2). All amplifications
were performed using a thermal cycler (Mastercycler®
Family, Eppendorf, Hamburg, Germany) as follows: 35
cycles at 94°C for 30s; annealing at 62°C for 30s; and
an extension step at 72°C for 90s. For negative controls,
deionized water was used, as well as canine spleen frag-
ment DNA (150 ng/pl) from each of the uninfected dogs.
L. infantum (MHOM/BR/2000/MER2) DNA (10 ng/l) was
used as a positive control in each reaction.

The reaction products were separated by electrophore-
sis in a 2% agarose gel for 1h 40 min at 140V, 240 mA in
a 0.5x TBE buffer [0.04 M Tris-borate-HCI (JTBaker, MEX,
MEX) with 10 mM EDTA (Invitrogen, Carlsbad, CA, USA)].
Gels were stained in a solution containing 0.5 p.g/mL ethid-
ium bromide (Sigma, St. Louis, MO, USA) and distilled
water. Gel images were captured under UV light (Gel Doc,
Bio-Rad, CA, USA) (Schriefer et al., 2004).

2.4. cPCR standardization

Assay standardization was performed in order to
adapt the previously described PCR technique (Lachaud

et al, 2002) used to analyze DNA taken from human
blood samples to our technique, which obtained DNA
from canine spleen fragments. cPCR specificity was
assessed by performing amplification reactions using DNA
samples from pathogens other than L. infantum; Leish-
mania major (MHOM/IR/-/173), Leishmania amazonensis
(MHOM/BR/88/BA125), E. canis, B. canis, T. gondii, and T.
cruzi.

Fifteen healthy dogs were raised at the CPqGM-FIOCRUZ
experimental kennel in Salvador, Brazil, a location known
to be negative for parasite transmission. Sera from all 15
dogs tested negative using ELISA (Paranhos-Silva et al.,
1996) and their spleen cultures were also found to be neg-
ative for parasite growth. Splenic aspirate DNA samples
from 15 healthy dogs were used to test whether cPCR reac-
tions amplified targets other than parasite DNA. Protocol
sensitivity was assessed by performing: (a) serial dilu-
tions of DNA samples from positive controls, ranging from
10 to 200ng; (b) contamination of splenic aspirate DNA
(150ng) from 1 of the 15 healthy dogs with a serial dilu-
tion of parasite DNA, ranging from 10 ng to 1fg. Each PCR
reaction was run using several controls: (a) for positive con-
trols, (1) DNA samples (150 ng/j.1) from three dogs whose
spleen fragment cultures tested positive for Leishmania sp.,
and (2) purified DNA from L. infantum (10 ng/.1) reference
strain; (b) for negative controls, (1) splenic aspirate DNA
(100 ng/.1) from 1 of the 15 healthy dogs, and (2) deionized
water instead of DNA samples.

2.5. Quantitative PCR (qPCR)

To quantify parasite DNA in canine spleen fragments,
PCR assays were performed using a technique for parasite
DNA quantification in human blood samples as described
by Bossolasco et al. (2003) targeting a SSU rRNA gene
sequence. The amplifications were performed at a final vol-
ume of 25 pl, containing: 5wl of 150 ng/j.l of DNA spleen
fragment diluted in deionized water and 20 ul of PCR
mixture, which consisted of 12.5 ul of Universal Master-
mix (Perkin-Elmer Applied Biosystems, Carlsbad, CA, USA)
and forward primer 5'-AAGGTCAAAGAACAAGGCCAAG-3’
(LEIF-forward) at a final concentration of 900 nM, reverse
primer 5-GCATCGGAGTCGG-3’ (LEIR-reverse) at 300 nM,
and a fluorogenic probe (5-AGGAGCGTGTCCCCGTGGAGG-
3’), which was synthesized using a FAM reporter molecule
attached to the 5 end, as well as a TAMRA quencher
linked to the 3’ end (LEIP-probe) (Perkin-Elmer Applied
Biosystems), at a final concentration of 200nM. A stan-
dard curve was generated using tenfold serial dilutions of
L. infantum DNA, ranging from 106 to 10~! parasites/mL,
with each dilution performed in triplicate. Amplification
was performed in quintuplicate for each sample, as well
as a negative control, using an ABI Prism 5900 sequence
detection system (Perkin-Elmer Applied Biosystems). The
cycling parameters were 50 °C for 2 min, 95 °C for 10 min,
and 50 cycles at 95 °C for 15 s and 60 °C for 1 min. A thresh-
old cycle value (Ct) was calculated for each sample by
determining the point at which the fluorescence generated
within a given reaction exceeded the threshold limit. The
standard curve was drawn by plotting Ct values against
the standardized parasite concentrations. The number of
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Fig. 1. Evaluation of cPCR protocol specificity and sensitivity. PCR products were size-separated by agarose gel electrophoresis and visualized using ethidium
bromide staining. Each PCR reaction was run under standardized conditions as described in material and methods. Amplified PCR products using RV1 and
RV2 primers correspond to the 145 base-pair band. (A) Agarose gel showing cPCR specificity. PCR products can be seen in lanes 1-3, corresponding to L.
infantum, L. amazonensis and L. major reference strain DNA, respectively; lanes 4-7 correspond to DNA isolate from T. cruzi, E. canis, B. canis and T. gondii.
Lane 8 corresponds to negative control (water); M =100 bp DNA ladder marker. (B) Agarose gel showing cPCR sensitivity. PCR amplification was performed
using healthy canine spleen DNA and varying concentrations of L. infantum reference strain DNA. Lanes 1-8 correspond to 1fg, 10fg, 100fg, 1pg, 10 pg,
100 pg, 1ng, and 10 ng, respectively. Lane 9 corresponds to healthy dog DNA; lane 10 corresponds to negative control (water); M=100bp DNA ladder

marker.

parasites per sample was calculated as the mean of the
values obtained in at least three out of the five sample
aliquots. The method detection limit of the qPCR technique
was estimated to be 0.5 parasites/mL.

2.6. Decontamination procedures

Due to the extremely high degree of sensitivity inher-
ent in cPCR and qPCR techniques, special care was taken to
avoid any contamination of the DNA samples during all pro-
cedures. To prevent carryover contamination by previously
amplified DNA, filter tips were routinely used in all DNA
extraction steps, as well as during cPCR and gPCR. In addi-
tion, the laminar flow hood and all utilized materials were
decontaminated by UV radiation before and after each pro-
cedure. For each cPCR and qPCR amplification procedure,
the PCR mixture was first placed in each well, followed by
a dilution containing either spleen sample DNA, or L. infan-
tum DNA. The cPCR protocol utilized a randomization of
DNA samples and negative controls in order to confirm the
absence of contamination.

2.7. Statistical analysis

Databases were built using Excel (Microsoft Office), and
Epi-info™ 3.5.1 (Centers for Disease Control and Preven-
tion - CDC, USA) was used to analyze and correlate clinical,
serological, parasitological and bio-molecular parameters.
The sensitivity and specificity of the cPCR protocol were
assessed using canine spleen cultures as the “gold stan-
dard” for L. infantum parasite detection (Barrouin-Melo
et al., 2004). Sensitivity and specificity percentages were
calculated using a 2 x 2 contingency table which repre-
sents the distribution of positive and negative test results.

Differences between the sensitivity and specificity of each
diagnostic test were assessed using the x?-test (p-value
<0.05). The Kappa coefficient was calculated for each of
the diagnostic methods with a 95% confidence interval
(CI). This coefficient was used to test agreement between
the diagnostic methods and was interpreted according
to Landis and Koch (1977): 1.00-0.81 almost perfect,
0.80-0.61 substantial, 0.60-0.41 moderate, 0.40-0.21 fair
and <0.20 slight. Additionally, positive predictive values
(PPV) and negative predictive values (NPV) were measured
for each of the diagnostic methods (p-value < 0.05).

3. Results
3.1. cPCR protocol standardization

The specificity of the established cPCR protocol was
assessed using RV1 and RV2 primers to amplify DNA from
T. cruzi, E. canis, B. canis and T. gondii, which did not amplify
any fragments (Lanes 4-7 in Fig. 1A), while these same
primers successfully amplified a 145 bp fragment of Leish-
mania spp. DNA (Lanes 1-3, Fig. 1A). No amplification was
observed in lane 8, which refers to the negative control.

The cPCR detection limit was 10 fg of L. infantum DNA
on agarose gel in lanes 1-8 correspond to 1 fg, 10 fg, 100 fg,
1pg, 10pg, 100 pg, 1 ng, and 10 ng, respectively (Fig. 1B).
No amplification occurred in lane 1, which corresponds
to 1fg of L. infantum reference strain DNA, nor in lane 9,
which refers to a healthy dog DNA sample. No amplifica-
tion was observed in lane 10, which corresponds to water
as a negative control (Fig. 1B). As DNA spleen samples at
a concentration of 150 ng yielded the clearest band pat-
terns, this DNA concentration was used for the cPCR assay
(data not shown). When 150 ng of healthy canine spleen
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Table 1
Comparison of diagnostic methods and clinical evaluation.

Clinical evaluation Diagnostic test positivity rate n? (%)

Culture ELISA cPCR qPCR NegativeP
Asymptomatic 1/8(12.5) 2/8 (25.0) 2/8 (25.0) 1/8(12.5) 4/8 (50.0)
Oligosymptomatic 9/26 (34.6) 14/26 (46.2) 10/26 (38.5) 11/26 (42.3) 7/26 (27.0)
Polysymptomatic 8/11(72.7) 10/11 (90.9) 9/11(81.8) 8/11(72.7) 1/11(9.0)
2 Number of positive dogs.
b Dogs tested negative for all diagnostic tests.
DNA was added to the PCR mixture, the detection limit of Table 2

L. infantum reference strain DNA was similar to that of par-
asite DNA alone (10 fg, data not shown). No amplification
was observed in any of the cPCR reactions using the 15 DNA
spleen samples from the uninfected dogs (data not shown).

3.2. Comparison of diagnostic methods and clinical
evaluation

Leishmania parasites were found in 40% (18/45) of the
canine spleen cultures. Anti-Leishmania antibodies were
found in 58% (26/45) of canine serum samples using ELISA.
Parasite DNA was detected in 44% (20/45) of the spleen
fragments using qPCR, and in 47% (21/45) using cPCR.
Thirty-two out of a total of 45 dogs tested positive for CVL
(71%) using at least one of these four diagnostic methods.
Twelve dogs had positive test results from only one of the
diagnostic tests: parasites were identified in the spleen cul-
tures of two dogs (4%), eight dogs (18%) tested positive
using ELISA, a spleen fragment from one dog tested pos-
itive using qPCR (2%), and another was positive using cPCR
(2%).

Clinical evaluation for signs of CVL found 18% (8/45) of
the dogs to be classified as asymptomatic, 58% (26/45) as
oligosymptomatic, and 24% (11/45) as polysymptomatic.
Considering the eight asymptomatic dogs, four tested pos-
itive for CVL (50%), only one dog (12.5%) was positive using
all four diagnostic methods, the others three were detected
each one by a different diagnostic method (Table 1). Among
the 26 oligosymptomatic dogs, nineteen (73%) tested pos-
itive for CVL, five dogs (26%) were positive using all four
diagnostic tests, the others tested positive at least in one
test (Table 1). Among the 11 polysymptomatic dogs, ten
dogs (91%) tested positive, seven of them (70%) were posi-
tive using all four diagnostic tests, the others tested positive
at least in one test (Table 1).

3.3. Evaluation of diagnostic methods’ performance

Sensitivity, PPV and NPV for each test were estimated
using parasite culture as the gold standard. ELISA sensitiv-
ity was 83.3% (C157.7-95.6), qPCR was 83.3% (C1 57.7-95.6)
and cPCR was 88.9% (CI 63.9-98.1). PPV for ELISA was
57.7% (CI 37.2-76.0), qPCR was 75% (CI 50.6-90.4) and
cPCR was 76.2% (CI 52.4-90.9). NPV for ELISA was 84.2%
(CI1 59.5-95.8), qPCR was 88% (CI 66.7-96.8) and cPCR was
91.7% (CI 71.5-98.5). The Kappa coefficient was calculated
to measure the agreement index between the gold stan-
dard and each of the three diagnostic tests used. The Kappa

Diagnostic method performance analysis.

Diagnostic method Sensitivity (%) PPV (%) NPV (%) Kappa

ELISA 83.3 57.7 84.2 0.40
qPCR 83.3 75.0 88.0 0.64
cPCR 88.9 76.2 91.7 0.68

Canine spleen cultures were used as the “gold standard”. x2-test (p-
value<0.05).

coefficients were found to be 0.40 (fair) for ELISA, 0.64 (sub-
stantial) for qPCR and 0.68 (substantial) for cPCR (Table 2).

To evaluate diagnostic test performance with respect
to clinical CVL evaluation, Kappa coefficients and PPVs
were used to compare each diagnostic method to the gold
standard (Table 3). The number of asymptomatic dogs was
insufficient to perform statistical analyses (n=4). In the
oligosymptomatic group (dogs presenting at least three
signs of CVL), PPV for ELISA was 43% and Kappa was 0.17
(slight), PPV for qPCR was 64% and Kappa was 0.52 (mod-
erate), and PPV for cPCR was 70% and Kappa was 0.59
(moderate). In the polysymptomatic group (dogs present-
ing with more than three clinical signs of CVL) PPV for ELISA
was 80% and Kappa was 0.42 (moderate), PPV for qPCR was
87.5% and Kappa was 0.54 (moderate), PPV for cPCR was
89% and Kappa was 0.74 (substantial).

4. Discussion

The present study endeavored to standardize a cPCR
protocol for the detection of L. infantum DNA in canine
spleen samples, based on the protocol described by
Lachaud et al. (2002), previously used to detect L. infan-
tum kDNA in human blood samples. The specificity of this
cPCR protocol was tested by its inability to amplify DNA
from pathogens other than trypanosomatids, such as B.
canis, E. canis and T. gondii (Fig. 1A). These microorgan-
isms are known to frequently infect dogs in Brazil and

Table 3
Diagnostic method performance analysis with respect to clinical CVL
evaluation.

Diagnostic method Oligosymptomatic Polysymptomatic

(n=26) (n=11)

PPV Kappa PPV Kappa
ELISA 43.0% 0.17 80.0% 0.42
qPCR 64.0% 0.52 87.5% 0.54
cPCR 70.0% 0.59 89.0% 0.74

Canine spleen cultures were used as the “gold standard”. x2-test (p-
value <0.05).
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may be responsible for serological cross-reactions in com-
monly used Leishmania tests, leading to false positives
(Alves and Bevilacqua, 2004; Marcondes et al., 2011). Most
commercially available immunological tests are not able to
distinguish between different trypanosomatids, for exam-
ple T. cruzi, from Leishmania (Troncarelli et al., 2009). In
order to further test the cPCR protocol’s specificity, T.
cruzi DNA was subjected to the amplification protocol. The
RV1 and RV2 primers were unsuccessful in amplifying T.
cruzi DNA, demonstrating that these primers do not anneal
with DNA from trypanosomatids other than Leishma-
nia. By contrast, our cPCR protocol successfully amplified
DNA from L. amazonensis and L. major reference strains
(Fig. 1A).

In apparent contradiction to the results presented
herein, Lima-Junior et al. (2009) detected no amplification
of L. amazonensis and L. braziliensis DNA using RV1 and
RV2 primers. These divergent results might be explained
by differences in the assay protocols or strains used. Fur-
thermore, the primers employed in the present study were
designed to interact with a target region in the para-
site kinetoplast minicircle, a highly conserved DNA region
throughout the genus Leishmania (Sheline and Ray, 1989).
The findings herein support the notion that RV1 and RV2
are not species-specific. New protocols capable of distin-
guishing between Leishmania species need to be developed,
since some areas are endemic for both cutaneous and vis-
ceral forms of the disease (Coutinho et al., 1985; Madeira
et al., 2006).

cPCR protocol sensitivity was tested by assessing the
reaction detection limit, determined to be 10 fg of L. infan-
tum reference strain DNA. Similar results were obtained
when reference strain DNA was mixed with spleen frag-
ment DNA from a healthy dog (Fig. 1B). This limit of DNA
concentration corresponds to a range of 0.03-0.1 para-
sites per fragment (Vitale et al., 2004; Quaresma et al.,
2009), ensuring successful DNA detection in samples with
low parasite burden, such as those found in asymptomatic
or in the recently classified category of exposed animals
(Leontides et al., 2002; Manna et al., 2009; Paltrinieri et al.,
2010). To further assess protocol sensitivity, cPCR reactions
were performed using varying amounts of splenic DNA
from infected dogs. Again, no amplification was observed
in reactions with less than 10fg of DNA. The amplifica-
tion products obtained using 150 and 200 ng of splenic
DNA from infected dogs yielded the clearest band pat-
terns, while those from a 100 ng concentration were less
clear (data not shown). DNA concentrations greater than
150ng were discarded in order to avoid cPCR reaction
inhibitors.

The ELISA diagnostic test method had the highest pos-
itivity rate of the four tests, with 58% of all dogs testing
positive, while the spleen culture test had the lowest rate
of positivity, 40%. It is possible that the elevated positivity
rate associated with ELISA is due to the fact that stray dogs
were employed in the present study, which may have been
infected with pathogens other than Leishmania, leading to
cross-reaction results (Lira et al., 2006). Our laboratory is
currently conducting experiments using cPCR protocols to
detect hemoparasitosis infection in dogs suspected for CVL.
The notion that serum cross-reactivity is occurring in our

analysis is supported by the finding of a low PPV (57.7%)
for ELISA (Table 2).

Performance analysis of ¢cPCR found that this proto-
col had the highest Kappa coefficient (0.68), highest PPV
(76.2%) and highest rate of sensitivity (88.9%) in compar-
ison to the other diagnostic tests (Table 2). The literature
contains several reports of higher qPCR sensitivity in rela-
tion to cPCR or ELISA (Francino et al., 2006; Quaresma et al.,
2009). However, depending on the selected DNA target
region, as well as the pair of primers used (Bastien et al.,
2008), qPCRis not always more sensitive than cPCR. Several
protocols targeting genomic or kinetoplast DNA (kDNA)
have been developed for CVL (Solano-Gallego et al., 2009).
Due to a high number of target copies, conventional assays
based on kDNA are considered to be the most sensitive
for CVL detection (Cortes et al., 2004; Gomes et al., 2008).
When qPCR protocols target a less repetitive sequence,
such as SSU rRNA, they exhibit a lower degree of sensi-
tivity than cPCR protocols which employ the kinetoplast
minicircle as a target.

As expected, the positivity rate of all four diagnostic
tests used in this study increased in accordance with the
severity of clinical manifestation (Table 1). Data in the
present study show a low rate of diagnostic test sensi-
tivity among the asymptomatic dogs, which underscores
the need to use more than one test to confirm Leish-
mania detection. However, a single diagnostic test was
shown to adequately confirm parasite infection among the
oligosymptomatic and polysymptomatic dogs. In both of
these groups, the performance analysis of cPCR revealed
a better degree of ascertainment when compared to other
diagnostic methods (Table 3).

One of the major concerns surrounding the use of
spleen aspiration is the risk of severe bleeding and even
death (Léveillé et al., 1993), which can be controlled
using abdominal ultrasonography (Watson et al., 2010),
thereby minimizing risk to the animal. In fact, Barrouin-
Melo et al. (2006), in an attempt to verify the safety of
fine-needle spleen aspiration, reported no adverse inci-
dents when conducting this procedure in over 200 dogs.
Spleen aspirate appeared to be better tolerated than lymph
node aspiration, even in the most severely affected dogs,
which exhibited severe anemia and cachexia (Barrouin-
Melo et al., 2004).

One of the limitations regarding the use of molecular
analysis to diagnose Leishmania is the fact that, compared
to conventional serological tests, these techniques are con-
siderably more expensive (Maia et al., 2009). However, the
authors chose to employ molecular diagnosis for Leishma-
nia as a confirmative test due to the greater sensitivity
and specificity of cPCR and qPCR compared to serological
testing.

The findings presented herein establish cPCR as the
most indicated test to detect Leishmania when compared
to the other two diagnostic methods evaluated. Despite the
fact that the qPCR protocol provides a highly accurate quan-
tification of parasites when targeting the SSU rRNA gene,
this technique does not significantly improve the diagnosis
of CVL when compared with the performance of the cPCR
protocol that targets the kinetoplast minicircle and has the
additional advantage to be cheaper than qPCR.
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5. Conclusion

The standardized cPCR protocol using canine spleen
fragment samples was shown to be a sensitive and efficient
tool for the diagnosis of Leishmania infection.
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Abstract:

Background: The aim of the present study was determine which is the best-
suited clinical sample, for biomolecular diagnosis of canine visceral
leishmaniasis (CVL) in dogs with different clinical manifestations using
quantitative PCR (qPCR).

Methodology/Principal Findings: In a serological surveillance, sixty-one
stray dogs were randomly selected and classified according to the number of
clinical signs of CVL. All dogs were euthanized and during necropsies lymph
node fragments and splenic, bone marrow and blood aspirates were obtained.
To confirm Leishmania infection, ELISA and parasite culture of spleen
aspirates were performed. A gPCR protocol targeting the kDNA of the parasite
was standardized, to determine the parasite load in clinical samples.
Differences between parasite loads of each tissue were evaluated using
Friedman test (p < 0.05). In order to include the samples in the gPCR data
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analysis, the DNA integrity of each sample was analyzed. This way, 52 dogs
fulfilled the selection criteria for DNA results for spleen, blood and lymph
nodes, with 24 of these dogs also fulfilling the criteria for bone marrow results.
Using qPCR, all the 52 dogs showed positivity, considering at least one of the
tissues evaluated. ELISA was positive in 83%, and culture in 35% of the dogs.
Parasite DNA was detected in 98.1% (51/52) of spleen samples, in 80.8%
(42/52) of blood samples, 53.8% (28/52) of lymph node fragments and 41.7%
(10/24) of bone marrow samples. Using qPCR, parasite DNA was better
detected in splenic aspirates in comparison with lymph node in both
polysymptomatic and oligosymptomatic (p < 0.05) dogs. No statistically
difference was found between blood and splenic aspirates to detect
Leishmania DNA using gPCR.

Conclusion: The spleen was the tissue with highest parasite DNA detection

in naturally infected dogs.
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Author Summary

According to World Health Organization, visceral leishmaniasis is a
serious public health problem. The disease is caused by the parasite
Leishmania infantum and transmitted through the bites of sand flies. Infected
dogs are considered to be the main domestic reservoir for Leishmania
parasites, mostly because they facilitate the transmission for men and other
animals. In Brazil, the control strategies recommended by the Ministry of
Health are based mainly on identification and euthanasia of infected dogs.
Therefore, the diagnosis of canine visceral leishmaniasis (CVL) must be made
both accurately and promptly. Quantitative real time PCR (QPCR) has been
proven to be an extremely sensitive and specific diagnostic method that can
be used as a confirmatory technique for CVL. Several invasive and non-
invasive biological dog samples have been used for the diagnosis; however,
studies evaluating different tissues of infected dogs have shown variable and
sometimes conflicting results. In this study, the authors aimed to determine
which of the infected tissues analyzed (spleen, blood, lymph nodes and bone
marrow), shown to be more accurate for the detection of the parasite DNA

using a standardized qPCR technique.
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Introduction

Zoonotic visceral leishmaniasis (ZVL) is a disease of great medical and
veterinary importance, which is endemic in Brazil as in many other countries of
Latin America, Asia and Europe [1]. The etiological agent of ZVL is the
diphasic protozoan parasite Leishmania infantum (syn Leishmania chagasi)
that is transmitted to vertebrate hosts through the bites of female sand flies [2-
4].

Dogs are considered the main domestic reservoir for this parasite, due to
their high prevalence of infection and a high degree of skin parasitism [5-8].
Therefore, in order to systematize control strategies, accurate and early
diagnosis of canine visceral leishmaniasis (CVL) is decisive to identify infected

animals [9,10].

Diagnosis of CVL can be performed using parasitological, serological or
molecular methods, associated with evaluation of clinical and epidemiological
parameters [11]. However, sensitivity of standard parasitological methods is
low, mainly for detection of less parasitized dogs. [12,13]. For parasite
detection, proper diagnosis resides mainly on parasite culture, which is a
laborious diagnostic technique, time-consuming, and depends on expertise of
the observer [14]. In addition, the sensitivity of this test can be diminished by
incorrect sample storage, resulting in parasite killing and sample
contamination. Moreover, the specific blood agar-based media for
promastigotes isolation is difficult to purchase, being a technique restricted to
specialized laboratories [11,15]. Furthermore, the lack of sensitivity or
specificity of some serological tests can difficult the CVL diagnosis, particularly
in cases of low antibody titers or cross-reactivity [9,16-18]. Hence, to
definitively diagnose inconclusive cases the employ of confirmatory tests can
be advantageous. For this proposes, molecular diagnosis for Leishmania sp.
has been proven to achieve great sensitivity and specificity when compared to
other conventional methods [7,19].

Many studies have described that quantitative real-time PCR (qPCR)
presents a high sensitivity in detecting low parasite loads [20-22].
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Furthermore, qPCR has been used as a valid tool to monitor tissue parasite
load in dogs following anti-leishmanial drug, in countries where treatment is
allowed [23-25].

Spleen, bone marrow, lymph node and skin are the most used biological
samples to detect Leishmania sp. parasite and parasite DNA in dogs
[11,19,26]. In particular, the use of spleen has been proposed because is
considered a key site for the parasite multiplication in both asymptomatic and
symptomatic, naturally infected dogs [26,27]. Barrouin-Melo et al. [28]
proposed the use of spleen instead of lymph node samples for the diagnosis
of CVL infection, due to the high sensitivity in detecting parasite in these
samples. Nonetheless, obtaining spleen samples is a costly invasive
procedure, since even well tolerated by animals, it is less tolerated by the
owners [29-31]. Therefore, blood and conjunctival swab have been used as
alternative non-invasive samples for molecular diagnosis of CVL [21,31,32].

A comprehensive study comparing the efficacy in detection of parasite
DNA using gPCR, in a large number of samples obtained at the same time,
from each natural infected dog, has not been performed. The aim of this study
was determine which is the best-suited sample, among spleen, lymph node,
bone marrow and blood, for biomolecular diagnosis of CVL in dogs with

different clinical manifestations using qPCR.

Materials and methods

Ethics Statement

In the present study, all the experiments using dogs were performed in
agreement with Brazilian Federal Law on Animal Experimentation (Law
11794) [33], with the Oswaldo Cruz Foundation guidelines for research with
animals [34], and with the manual for the surveillance and control of visceral
leishmaniasis [35]. The Ethics Committee for Animal Experimentation of
CPgGM-FIOCRUZ approved this study, protocol CEUA 015/2009. Sera and
spleen biopsies of negative controls dogs were obtained with the owner
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150 consent, signing the Informed Consent Form before sample and data

151  collection.

152

153 Dogs

154 Sixty-one stray dogs of both sexes were captured in july 2010 in an

155 endemic area for CVL, the municipality of Jequié, located in the State of Bahia
156  (BA), Brazil. The dogs were captured randomly by the city health department
157  agents within a week. The stray dogs were submitted to clinical and

158 serological (ELISA) evaluation for CVL. Dogs were clinically classified

159  according to the presence or absence of common clinical signs of CVL,

160 including: weight loss, alopecia, cutaneous lesions, conjunctivitis,

161  onichogryphosis and lymphadenopathy. According to Mancianti et al. [36] in
162 the absence of any observable signs, dogs were considered to be

163 asymptomatic; in the presence of one to three clinical signs, dogs were

164 classified as oligosymptomatic, in the presence of three or more signs, dogs
165 were determined to be polysymptomatic. A total of 20 healthy dogs from a
166  municipality of Pelotas, a non-endemic area for CVL in Rio Grande do Sul
167 (RS), Brazil, were used as negative controls dogs. The total of these dogs
168 presented no clinical signs for CVL and tested negative in both ELISA and
169  splenic culture.

170

171 ELISA and Spleen Culture

172 ELISA technique was performed as previously described [37,38]. Each
173  sera sample was assayed in duplicate in the plate, and assay was repeated
174  three times. Parasitological evaluation was performed by culturing part of the
175  spleen aspirates collected during necropsy, for a period of 4 weeks in Novy—
176  MacNeal-Nicolle (NNN) biphasic medium at 23°C, supplemented with 20%
177 FBS (Fetal Bovine Serum — Gibco BRL, New York, USA) and 100ug/mL

178  gentamicin to avoid contamination (Sigma Chemical Co., St. Louis, MO) [39].
179  For parasite identification, microscopic observations were performed at weekly
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intervals for no less than 4 weeks. Each splenic culture was prepared

separately and individually, with identification double-checking.

Sampling

Prior to sample collection, all the dogs were anesthetized with
acepromazine (0.1 mg/kg IV, Acepram 1%, Vetnil Brazil) and sodium
thiopental (15 mg/kg IV, Thiopentax 1g Cristdlia, Brazil) and then euthanized
using a supersaturated solution of potassium chloride (2 mi/kg). The
clinical samples, corresponding to spleen, blood, and lymph node fragments,
as well as bone marrow aspirates were obtained during necropsy. All the
samples were collected using sterile needles and blades, and were stored in
DNAase- and RNAase-free tubes at -70°C until DNA extraction.

DNA extraction

DNA from each sample was extracted using a DNeasy® Blood & Tissue
Kit (Qiagen, Hilden, Germany) in accordance with manufacturer protocols. A
total of 200 yL of spleen and bone marrow aspirates, and 20 mg of lymph
node fragment, were processed following the Qiagen animal tissue protocol,
while 200 pL of blood were processed following the Qiagen animal blood
protocol. Once extracted, the quality and concentration of each DNA sample
was determined using a digital spectrophotometer (NanoDrop® ND-1000,
Thermo Scientific, Wilmington, USA). Samples with poor DNA concentration
and 280/260 and 230/260 ratios, were excluded from the gPCR tissue
compared analysis. The DNA samples were then adjusted to a concentration

of 30 ng/uL, aliquoted and stored at —20°C until gPCR assay was performed.
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Quantitative PCR (gPCR)

Quantification of Leishmania kDNA. Quantitative PCR was used to
determine parasitic DNA amounts in tissue samples from dogs. First PCR
assays were performed using an amplification procedure previously described
[21]. The PCR technique targeted a conserved region of L. infantum KDNA to
obtain a 120-bp amplicon. Reactions were performed at a final volume of 25
bL, containing: 5 pl of 30 ng/uL of DNA sample diluted in deionized water and
20 yl of PCR mixture, which consisted of 12.5 ul of Universal Mastermix
(Perkin-Elmer Applied Biosystems, Carlsbad, CA, USA), forward primer 5'-
AACTTTTCTGGTCCTCCGGGTAG-3' (LEISH-1) and reverse primer 5'-
ACCCCCAGTTTCCCGCC- 3' (LEISH-2) both at a final concentration of 900
nM, and a fluorogenic probe 5-AAAAATGGGTGCAGAAAT-3’ which was
synthesized using a FAM reporter molecule attached to the 5' end, as well as
a MGB-NFQ, quencher linked to the 3'-end (Perkin-Elmer Applied
Biosystems), at a final concentration of 200 nM. Next, quantification of
Leishmania DNA was achieved using an absolute method based on
comparison of threshold cycle (CT) values with those from a standard curve
constructed from ten-fold serial dilutions of L. infantum DNA extracted from
cultured parasites (strain MHOM/BR/2000/MER?), ranging from 10° to 10™"
parasites, with each dilution performed in triplicate on every plate.
Amplification was then performed in triplicate for each sample, as well as a
negative control, using an ABI Prism 5900 sequence detection system
(Perkin-Elmer Applied Biosystems). The cycling parameters were 50°C for
2min, 95°C for 10min, and 40 cycles at 95°C for 15s and 60°C for 1min. In
order to minimize interplate variations, the values from each plate were
normalized using a common threshold line. Next, a threshold cycle value (Ct)
was calculated for each sample by determining the point at which the
fluorescence generated within a given reaction has exceeded the threshold
line. The Ct cut-off value for Leishmania KDNA amplification values was
determined by testing in the same plate, DNA samples from 20 healthy dogs
from Pelotas (RS), and from 20 infected dogs from Jequié (BA). Then, each
sample Ct was considered positive or negative according to the cut-off value

that was determined using a Receiver-Operator Characteristic (ROC) curve
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(see subitem 9. Statistic). Samples which presented a Ct lower than the Ct
cut-off, where considered positive. If the standard deviation of the triplicate
was >0.38, the sample was reanalyzed using qPCR [40].

Quantification of the 18S rRNA canine gene. Amplification of canine
housekeeping gene (18S rRNA) was used in order to normalize the
concentration of input sample DNA, as well as to ensure that negative results
was not related to sample problems, including absence of host cells in
aspiration samples, DNA degradation, low amount of loaded DNA, and
presence in the sample of PCR inhibitors [41]. To amplify the 18S rRNA gene
as an internal reference of canine genomic DNA, pre-developed TagMan
assay reagents (Perkin-Elmer Applied Biosystems) were used. The primers’
target 18S RNA genes in mammals but does not amplify Leishmania genomic
DNA. The reactions were performed at a final volume of 25 pL, containing: 5
pl of 30 ng/pL of DNA canine sample diluted in deionized water and 20 pl of
PCR mixture, which consisted of 12.5 pl of Universal Mastermix (Perkin-Elmer
Applied Biosystems), and 1.25 pl of 18S GeneEx Assay (Perkin-Elmer Applied
Biosystems) at a concentration of 20x, and deionized water was added by a
final volume of 25 L. Standard curves were prepared for the housekeeping
gene, ranging from 450 to 18.75 ng, with each dilution performed in triplicate
on every plate. Amplification reaction was also performed for each sample in
triplicate, using an ABI Prism 5900 sequence detection system (Perkin-Elmer
Applied Biosystems). The cycling parameters were 50°C for 2min, 95°C for
10min, and 40 cycles at 95°C for 15s and 60°C for 1min. For each sample, the
amount of target and housekeeping genes was determined comparing Ct
values with the appropriate standard curve. The slope of the standard curves
for 18s rRNA gene was calculated and corresponded to -3.399 (SD 0.296),
which represents the mean slope values of 11 independent experiments with a
corresponded correlation coefficient (r?) of 0.990 (SD 0.007). Samples that
were positive for 18S rRNA gene were used to determine parasite load in
positive samples for the Leishmania KDNA, whereas 18s rRNA negative

samples were excluded from the study. Parasite load was expressed as the
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number of parasites normalized by 100 mg of amplified 18S rRNA

housekeeping gene in host tissue [42].

Decontamination procedures

Due to the extremely high degree of sensitivity inherent in gPCR
techniques, special care was taken to avoid any contamination of the DNA
samples during all procedures. To prevent carryover contamination by
previously amplified DNA, filter tips were routinely used in all DNA extraction
steps, as well as during qPCR. In addition, the laminar flow hood and all
utilized materials were decontaminated by UV radiation before and after each
procedure. For gPCR amplification procedure, the PCR mixture was first
placed in each well, followed by a dilution containing either sample DNA, or L.
infantum DNA. The qPCR protocol utilized negative controls in order to

confirm the absence of contamination.

Statistic

Databases were built using Excel (Microsoft Office), and Epi-info TM
3.5.1 (Centers for Disease Control and Prevention — CDC, USA). The
statistical analyses were performed using the GraphPad prism software v.5.0
(GraphPad Prism Inc., San Diego, CA). ROC curve was built with Ct results of
the positive and negative spleen samples groups to establish the Ct cut-off
value, which presented the highest sensitivity and specificity in the prediction
of Leishmania sp. infection. The differences between parasite loads of each
tissue from oligo and polysymptomatic dogs were evaluated using Friedman
test (p < 0.05). Friedman’s with Dunn’s multiple comparisons test was
performed to estimate differences of parasite load values between three or
more samples. For all tests, results presenting p < 0.05 were considered
statistically significant.
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301 Results
302 Standardization of gPCR for Leishmania kDNA

303 In order to determine the detection limit between a positive and negative
304 test using gPCR analysis, a ROC curve (AUC=1, p < 0.001) was constructed
305 (see Materials & Methods section). This curve showed a specificity of 95% (Cl
306 75.13 -99.87) and a sensitivity of 100% (CI 83.16-100) with a likelihood ratio
307 of 20 (Figure 1). The estimated detection limit corresponded to Ct cut-off value
308 of 37.0, corresponding to 0.016 parasites per reaction. The slope of the

309 standard curve for Leishmania kKDNA gene was calculated and corresponded
310 to-3.657 (SD 0.148), which represents the mean slope values of 9

311 independent experiments with a corresponded correlation coefficient (r2) of
312 0.998 (SD 0.004).

313
314 Parasite DNA detection in different dog samples

315 For gPCR analysis, tissue samples were obtained from 61 dogs. From
316 these, nine DNA samples were excluded because of failure of correct

317 amplification. Clinical examination revealed that 63.5% (33/52) of the dogs
318 was classified as oligosymptomatic and 36.5% (19/52) as polysymptomatic.
319 Interestingly, any of the dogs, captured in this compulsory euthanasia

320 program, presented no signs upon clinical examination. Leishmania parasite
321  cultures tested positive in 18 out of the 52 (34.6%) spleen samples. Anti-
322 Leishmania antibodies were detected in 82.7% (43/52) of canine serum

323 samples tested by ELISA. Then, gPCR was performed using spleen, blood
324 and lymph node samples from the total of the 52 dogs (100%) and bone

325 marrow samples from 24 out of the 52 dogs (46.2%). Parasite DNA was

326 detected in 100% (52/52) of the animals in at least one of the tested samples.
327 Positivity rates of each test used for diagnosis of Leishmania infection are
328 depicted in Figure 2.

329 Among the tissue analyzed using qPCR, parasite DNA was highly
330 detected in splenic aspirates. Indeed, spleen aspirates tested positive in 51
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out of the 52 samples (98.1%), blood in 42 out of 52 samples (80.8%), lymph
node in 28 out of 52 samples (53.8%), and bone marrow in 10 out of 24
samples (41.7%)(Figure 3).

Parasite load in different tissue samples

Parasite DNA in samples was quantified in order to assesses a possible
correlation between parasite load in any of the tissue analyzed and frequency
of clinical sings. First we evaluated whether parasite loads differ among the
tissue analyzed. The gPCR analysis revealed that parasite load was higher in
spleens than lymph nodes from either oligo (p = 0.009) or polysymptomatic
dogs (p = 0.04) (Figure 4A). In addition, parasite load in bone marrow samples
was statistically different from that in spleen samples from oligosymptomatic
animals (p = 0.025) (Figure 4B). Thereafter, the authors hypothesized that
there is a direct correlation between parasite load in each infected tissues and
number of clinical sings. In disagreement with this hypothesis, parasite load
shown to be similar between oligo and polysymptomatic dogs, independently

of tissue analyzed.

Discussion

In last few years, several qPCR methods have been developed for
parasite detection and diagnosis of CVL [20,23,42]. However, these methods
presented considerable variations from each other, with divergent results
concerning different canine clinical samples [43]. These variations depend on
several factors such as: lack of standardization of parasite gene amplification
against the constitutive mammal gene and lack of standardization in
determining the parasite load of the tissues. In this study, we analyzed the
parasite load of spleen, blood, bone marrow and lymph node of dogs,
assessing the DNA integrity and normalizing the results against the
constitutive mammal gene. Interestingly, according to our selection criteria, we

had to exclude almost 15% of the samples.
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The gPCR protocol targeting KDNA was more accurate in the detection
of Leishmania parasites in dogs, when compared to ELISA and parasitological
culture. The gPCR was the technique with the best positivity rate among the
employed. Similar results were obtained by others studies, which higher
positivity rates were achieved using molecular techniques. These findings
reinforce the notion that in endemics areas, the number of infected dogs
detected by serological surveys is underestimated [9,16,44]. In addition, this
indicates that false-negative animals are not detected and consequently not
removed, allowing maintenance of the infection in endemic areas [16,45]. This
misleading situation can be prevented implementing other diagnostic tests
with higher specificity and sensitivity, such as gPCR.

In our findings, spleen samples presented higher positivity rate and
higher parasite load, when compared with the other clinical samples. This can
be explained by the fact that spleen becomes an important site of interaction
between the immune system and the Leishmania during the course of VL [46].
Moreover it has been demonstrated that the spleen maintains the infection
during the entire course of CVL [47].

Positivity rate of blood sample was higher than lymph node and bone
marrow, being surmounted only by spleen sample, although blood parasite
load was lower when compared to the other tissue samples. Different from the
results presented herein, several studies found bone marrow and lymph nodes
with higher positivity rate than blood [21,41,48,49]. Quaresma et al. [50] on the
other hand, found similar positivity rates in blood and bone marrow samples. It
appears that the gPCR protocol used in this study displayed higher specificity
and sensitivity, because even with low blood parasite load, the technique was
able to detect Leishmania DNA in this sample.

Some authors considered the blood as a poor source of Leishmania
DNA [51,52]. Mostly due to the fact that blood samples had not shown good
detection results using conventional PCR (cPCR). The cause of such poor
results may reside in the high frequency of PCR inhibitors found in this
sample, and low parasite load, which may lead to false negative results

especially in asymptomatic dogs [44]. In this study, parasite load in blood
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sample, demonstrated no statistically difference from that in spleen. This is a
promissory result for a non-invasive sample as blood for employing in
detection of Leishmania infection in dogs. In agreement with the present
results, Francino et al. [21] demonstrated that blood might be sufficient for the
diagnosis of infection of Leishmania by gPCR due to the ability of this

technique for quantifying extremely low levels of parasitemia.

In our study we attempted to assess if there was any difference
between the parasite load found in oligo and polysymptomatic dogs. Some
studies demonstrated correlation between clinical manifestations of CVL and
parasite load in spleen and lymph node [22,39,53]. While others studies have
shown that clinical manifestations of CVL do not necessarily correlate with the
parasite load [54,55]. In contradiction, the present study revealed that parasite
load between oligosymptomatic and polysymptomatic dog was not significantly
different in each of the tissue analyzed. Although, comparing different tissues,
oligosymptomatic dogs tend to have a higher spleen parasite load when
compared to lymph node and bone marrow. Polysymptomatic dogs also tend
to present a higher spleen parasite load compared to lymph node. Reis et al.
[47], found positive correlation between parasite density in the spleen and skin
smears from asymptomatic to symptomatic dogs. Perhaps, our negative
findings are due to the absence of asymptomatic dogs in the randomly

captured animal population.

In the present study, splenic aspirates have shown to be the most sensitive
tissue for Leishmania DNA detection using qPCR (Figure 3), however
Leishmania DNA detection in blood samples showed no statistical difference
from spleen samples. In our experience, spleen aspirate procedure has been
well tolerated, even in the most severely affected dogs. Nevertheless, splenic
collection is still considered an invasive procedure that needs the use of
ultrasound device to make it safer [29,56]. Thus, blood, when compared to
spleen sample, is preferred in epidemiological evaluations, for several reasons
including: it is less invasive, is easier and rapidly obtained, less expensive and
well accepted by the dog owners [26,30,31,57]. In sum, the results presented

herein indicate that the less invasive blood sample shown to be a good
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alternative tissue for Leishmania DNA detection in symptomatic dogs using
gPCR.
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Figure Legends

Figure 1. ROC curve of Ct cut-off determination for the prediction of
Leishmania sp. infection. A ROC curve was built using Leishmania KDNA
gPCR Ct results of the positive and negative canine spleen samples. Samples
were tested in duplicate in the same plate. The Ct cut-off value was
determined in 37.0 (AUC=1, p < 0.0001), showing a specificity of 95% (ClI
75.13 — 99.87) and a sensitivity of 100% (Cl 83.16-100) with a likelihood ratio
of 20.

Figure 2. Positivity rate (%) of the diagnostic methods for CVL employed
in the 52 stray dogs. Results of qPCR, ELISA and spleen culture for the
diagnostic of Leishmania sp. infection. gPCR results contemplate positivity in
at least one sample.

Figure 3. qPCR positivity rate (%) of tissue samples collected from the
52 naturally infected stray dogs. Leishmania kDNA qPCR positivity rate for
spleen, blood and lymph node was assessed in 52 animals. gPCR in Bone
marrow was performed in 24 animals. Sample was considered positive when
the triplicate Ct mean < 37.00.

Figure 4 Parasite load in different tissues from oligo and
polysymptomatic dogs. Amount of parasite load (n° of parasite /100 mg
DNA) detected by Leishmania KDNA gPCR in lymph node, spleen and blood
of 52 naturally infected stray dogs (panel A). Parasite load in lymph node,
spleen blood and bone marrow of 24 naturally infected stray dogs (panel B).
The parasite load is stratified by clinical manifestation. Horizontal lines
represent the median values for each group. Asterisks indicate values that are
statistically significant (* = p < 0.05; ** = p < 0.01) from the other tissues using
Friedman’s with Dunn’s multiple comparisons test.
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VI. RESUMO DE RESULTADOS

* A gPCR tendo como alvo o kDNA de Leishmania sp. foi a técnica mais sensivel para

o diagnostico da LVC;

* O bago se mostrou o tecido com maior taxa de deteccdo de DNA do parasito;

* A carga parasitaria do sangue ndo foi estatisticamente diferente do bago em animais

oligo e polissintomaticos.

68



VII. DISCUSSAO

A padronizagdo do protocolo de cPCR na primeira parte do estudo, foi bem
sucedida, com a técnica demonstrando elevada sensibilidade, evidenciada pelo baixo limiar de
deteccdo (10 fg de DNA do parasito por amostra). Limiar de detecgdo que se revelou
adequado também para o diagndstico de cdes assintomaticos. Além de elevada sensibilidade,
outra vantagem do emprego da técnica molecular consiste na alta especificidade, atestada pela
nao amplificacdo de material genético de outros patdgenos comuns nos caes como E. canis, B.
canis, T. gondii e T. cruzi, que frequentemente ocasionam reac¢des inespecificas em testes
sorologicos (ALVES e BEVILACQUA, 2004; FERREIRA et al., 2007, TRONCARELLI et
al., 2009; FARIA et al., 2011; MARCONDES et al., 2011). Todavia, pela regido do kDNA
ser extremamente conservada em todas as espécies de Leishmania sp. o protocolo empregado
falhou na discriminagdo entre L. infantum, L. major e L. amazonensis (SHELINE e RAY,
1989). Dessa forma, em dreas endémicas para ambas as formas visceral e cutinea, torna-se
necessaria uma investigagdo molecular mais criteriosa dos animais para discriminagdo da

espécie de Leishmania infectante (MARZOCHI et al., 1985; MADEIRA et al., 20006).

Em razdo do controle da LVC no Brasil ser baseado principalmente na eutanasia
de caes infectados, ¢ de grande importancia que a técnica diagnostica utilizada para detec¢ao
dos cdes positivos tenha alta sensibilidade, pois animais falso negativos, ndo removidos das
areas endémicas, permitem a manuten¢do do ciclo de transmissdo por albergarem o parasito
(SOLANO-GALLEGO et al., 2001b; COURTENAY et al., 2002). O teste também deve
apresentar uma elevada especificidade, possibilitando a detec¢do do maior numero de animais
realmente infectados, evitando assim a eutandsia desnecessaria de caes falso positivos

(ALVAR et al.,2004; TRONCARELLI et al., 2009).

Em relacdo as diferentes técnicas avaliadas para o diagnostico de infec¢dao por
Leishmania sp. na primeira parte do estudo, o ELISA detectou como positivos um maior
namero de cdes em relacio as outras técnicas, como a cPCR. E possivel que a maior detecgio
esteja relacionada a ocorréncia de reagdo cruzada com outros patdgenos, frequente nos testes
sorologicos (FERREIRA et al., 2007). A cPCR por sua vez, apresentou sensibilidade mais
elevada para deteccdo de DNA de Leishmania sp., comparada a qPCR. Essa maior

sensibilidade pode ter ocorrido devido a presenga de multiplas copias do kDNA no género
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Leishmania, conferindo a esse alvo empregado pela cPCR uma sensibilidade maior do que
outras regides menos repetitivas como a SU rRNA, mesmo quando empregadas na técnica de

qPCR (BASTIEN, PROCOP e REISCHL, 2008).

Na primeira parte do estudo, para o diagndstico dos animais polissintomaticos, o
emprego de um teste diagndstico (sorologico ou molecular) foi suficiente. Estudos
demonstraram que animais sintomaticos apresentam mais imunoglobulinas anti-Leishmania
circulantes assim como parasitismo esplénico aumentado, elevando desta forma as chances
destes caes serem detectados nos testes diagnosticos (LEANDRO et al., 2001; DOS-SANTOS
et al., 2008). Também foi demostrado que, caes apresentando sintomatologia caracteristica de
LVC, especialmente os casos clinicos mais graves, apresentam carga parasitaria mais elevada
em relacdo aos animais assintomaticos (RODRIGUEZ-CORTES et al., 2007; MANNA et al.,
2009).

Diante dos promissores resultados apresentados pela cPCR tendo o kDNA como alvo,
decidimos padronizar uma nova técnica de qPCR mantendo este alvo, para realizar a
comparagcdo entre os diferentes tecidos coletados, visando desta forma aumentar a
sensibilidade do método diagnostico. Assim, na segunda parte do estudo, o novo protocolo de
qPCR foi empregado objetivando-se determinar qual o melhor tecido a ser empregado para o
diagnostico biomolecular da LVC, em caes com diferentes manifestagdes clinicas. Com esta
finalidade analisamos a taxa de detec¢do do DNA do parasito em amostras de medula 6ssea,

baco, sangue e linfonodo de caes naturalmente infectados.

A gPCR apresenta diferentes vantagens em relagdo a cPCR como menor risco de
contamina¢do, maior praticidade, possibilidade da quantificagdo da carga parasitaria dos
animais, e possivelmente, empregando-se o kDNA como alvo, maior sensibilidade
(MOREIRA et al., 2007; MARTINEZ et al., 2011). Nos ultimos anos, varios métodos de
qPCR foram desenvolvidos visando a detec¢do do parasita e o diagnostico da LVC (MARY et
al., 2004; MANNA et al.,, 2006; MAIA ¢ CAMPINO, 2008). No entanto, devido as
metodologias diferentes empregadas, e a falta de controle interno da reacdo, estes métodos
apresentaram variacdes consideraveis, com resultados divergentes em relagdo ao emprego de

diferentes amostras clinicas caninas.

Na segunda parte do estudo, além do controle de qualidade quanto a pureza e

integridade do DNA extraido, foi aplicado também um controle interno da reacgdo
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(amplificacdo do gene constitutivo 18S) para avaliacdo da integridade do DNA de todas as
amostras, com o intuito de excluir as que sofreram algum dano em sua obtencdo ou extra¢ao
do material genético, e desta forma, diminuir possiveis resultados falso negativos por falha de

amplificacdo. De acordo com os critérios de selecdo aplicados, excluimos 15% das amostras.

Os resultados da qPCR para deteccdo do DNA de Leishmania sp. foram analisados em
relacdo aos resultados do gene constitutivo (18S), visando normalizar a quantifica¢do da carga

parasitaria apresentada em cada tecido.

Os resultados de qPCR, com kDNA de Leishmania sp. como alvo, foram mais
sensiveis, quando comparados ao exame sorologico e a cultura, na detec¢do da infecgdo pelo
parasito. Uma melhor taxa de deteccdo foi encontrada também por Solano-Gallego et al.
(2001) em um estudo na ilha de Majorca, onde a soroprevaléncia detectada foi de 26% nos
caes avaliados, ao passo que, utilizando a técnica molecular em diferentes tecidos, 63% dos
animais foram positivos para L. infantum. Leontides et al. (2002) também obtiveram
resultados similares, detectando pela sorologia apenas 12,3% de cdes como positivos,
enquanto que pela técnica molecular foi identificada infec¢do por Leishmania sp. em 63% dos

animais.

A combinagdo dos resultados obtidos nas duas partes do estudo apresentadas nessa
dissertacdo, demonstraram que aspirado esplénico ¢ um tecido adequado para ser empregado
para o diagnostico da infecgio por Leishmania sp. (SOLCA et al., 2012). Utilizando a qPCR
na segunda parte do trabalho, o tecido esplénico além de apresentar maior taxa de
positividade, apresentou também maior carga parasitaria, quando comparado aos outros
tecidos avaliados. Este fato pode ser explicado, pois este 6rgdo ¢ um local importante de
interagdo entre o sistema imune e o parasito durante o curso da infec¢do (SANTANA et al.,
2008). Além disso, ja foi demonstrado que o baco mantém a infec¢do do parasito durante todo

o curso da LVC (REIS et al., 2006).

Embora a taxa de positividade detectada no baco tenha sido maior que nos outros
tecidos, a deteccdo de infeccdo no sangue ndo apresentou diferenca estatistica quando
comparada ao bago. A taxa de positividade detectada no sangue foi maior do que no linfonodo
e medula dssea, embora em relagdo a quantificagdo da carga parasitdria, o sangue apresentou
resultados menores quando comparado com as amostras dos outros tecidos. Diferente dos

resultados aqui apresentados, varios estudos encontraram a medula 6ssea e linfonodos com
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maior taxa de positividade em relacdo a detectada no sangue (FRANCINO et al., 2006;
SOLANO-GALLEGO et al., 2007; MANNA et al., 2008; MAIA et al., 2010). Quaresma et
al. (2009), por outro lado, encontrou taxas de positividade semelhantes em amostras de
sangue ¢ da medula 6ssea. A falha de deteccdo do DNA do parasito no sangue, podem ocorrer
devido a alta frequéncia de inibidores de PCR encontrados na amostra, assim como a baixa
carga parasitdria, que pode levar a resultados falso negativos, possivelmente em caes
assintomaticos. Pode-se apontar que o protocolo de qPCR utilizado neste estudo apresentou
elevada especificidade e sensibilidade, sendo capaz de detectar as baixas cargas parasitarias
presentes nas amostras de sangue. De acordo com nossos resultados, Francino et al. (2006)
demonstraram que o sangue pode ser suficiente para o diagndstico da infeccao de Leishmania
sp. pela qPCR devido a capacidade desta técnica de quantificar niveis extremamente baixos
de parasitemia. Contudo, para validar o emprego dessa amostra, seria interessante testar a
performance da amostra sanguinea utilizando-se o protocolo de qPCR tendo como alvo o

kDNA para Leishmania sp. também em animais assintomaticos.

Em nosso estudo tentamos avaliar também se havia alguma diferenga entre a
carga parasitaria encontrada em caes oligo e polissintomaticos. Alguns estudos demonstraram
correlacdo entre as manifestagdes clinicas da LVC e a carga parasitaria no bago e linfonodos
(BARROUIN-MELO et al., 2004; SANCHEZ et al., 2004; MANNA et al., 2009). Enquanto
que, outros estudos ratificaram que as manifestagdes clinicas da LVC ndo necessariamente
estdo correlacionadas com a carga parasitaria dos tecidos (ABRANCHES, CAMPINO e
SANTOS-GOMES, 1998; TAFURI et al., 2001). O presente estudo revelou que a carga
parasitaria entre cdes oligossintomaticos e polissintomaticos ndo apresentou diferenca
estatisticamente significativa em cada um dos tecidos analisados. Embora, comparando
diferentes tecidos, os cdes oligossintomaticos tendem a ter uma maior carga de parasita no
baco, quando comparado ao linfonodo e medula 6ssea. Caes polissintomaticos também
tendem a apresentar uma maior carga parasitaria no bago em rela¢do ao linfonodo. Reis et al.
(2006), encontraram correlacdo positiva entre carga parasitaria no bagco e pele de caes
sintomdticos quando comparados com cdes assintomdticos. Talvez, a nossa falha em detectar
essa diferenca ¢ devida a auséncia de cdes assintomaticos na populacdo do estudo

aleatoriamente capturada para essa analise.

O fato que a deteccdo de DNA de Leishmania sp. no sangue pela qPCR nao

mostrou diferenca estatistica em relagdo ao bago, ¢ um resultado promissor para que o sangue
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possa ser empregado para deteccdo de infec¢dao por Leishmania sp. em caes, uma vez que a
coleta da amostra sanguinea ¢ considerada menos invasiva quando comparada com a do bago.
Contudo, em nossa experiéncia, a coleta de aspirado esplénico, ¢ bem tolerada, mesmo nos
caes mais severamente afetados. No entanto, este procedimento ainda é considerado invasivo,
necessitando do uso de um aparelho de ultrassom que permite a correta visualizagdo do orgao,
para torna-lo mais seguro (CARVALHO et al., 2009; WATSON et al., 2011). Assim, a
utilizacdo da amostra sanguinea, quando comparada com a amostra esplénica, ¢ mais
aconselhada especialmente em avaliacdes epidemioldgicas, por varias razdes: sua coleta ¢
menos invasiva, ¢ mais facil e rapidamente obtida, e o procedimento ¢ menos caro e melhor
aceito pelos donos de cdes (AOUN et al., 2009; MAIA et al., 2009; DE ALMEIDA et al.,
2011; LOMBARDO et al., 2012).

Em suma, os resultados da segunda parte do estudo aqui apresentados, mostraram
que o bago € o tecido de maior taxa de deteccdo de DNA do parasito em cdes naturalmente
infectados. Todavia, a amostra de sangue por ser a segunda amostra de melhor detecgao, e por
necessitar uma coleta menos invasiva, foi considerada como uma amostra alternativa valida

para a detec¢do do DNA de Leishmania sp. em caes sintomaticos, utilizando a qPCR.
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VIII. CONCLUSOES

A cPCR de amostra de tecido esplénico se mostrou a técnica mais sensivel para a
detecgdo de infec¢do por Leishmania sp. em cdes naturalmente infectados quando

comparada com ELISA e cultura;

O bago se mostrou como o tecido de maior taxa de deteccdo de DNA do parasito
em cdes naturalmente infectados, empregando-se a qPCR tendo como alvo o

kDNA de Leishmania sp. como técnica diagnostica.
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XI. PERSPECTIVAS

* Realizar qPCR tendo como alvo o kDNA de Leishmania sp. em amostras de:
o Pele
o Pele com lesdo

o Swab conjuntival

* Avaliar a taxa de detec¢do das amostras de um grupo de animais assintomaticos;

* Avaliacdo estatistica dos resultados e atualiza¢do do manuscrito;

*  Publicacdo do trabalho.
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Human visceral leishmaniasis occurs in periodic waves in endemic areas of Brazil. In this
study we followed the prevalence of human visceral leishmaniasis and of Leishmania infan-
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tum infection in stray dogs of an endemic area of visceral leishmaniasis at periods of time
between 1997 and 2010. Prevalence of human visceral leishmaniasis had two peaks (40
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cases) in 1997 and 2006 with sharp declines to 2 cases in 2001 and to 5 cases in 2008.
Similar fluctuations were also observed in the occurrence of positive spleen culture and
anti-Leishmania serology in dogs, although the proportion of dogs with active spleen par-
asitism remained relatively high even in the periods of low prevalence of human disease.
These observations support the notion that stray dogs may constitute a renewable source
of parasites, capable of sustaining the persistence of the infection in urban areas, even in
periods of low transmission by phlebotomines.

© 2012 Elsevier B.V. All rights reserved.

Zoonotic visceral leishmaniasis is endemic in the Amer-
ican continent, in the Mediterranean basin and in some
non-Mediterranean parts of Asia and Africa. Dogs are the
main domestic reservoir of the parasite and a variety of
phlebotomines such as Lutzomyia longipalpis (in the Amer-
icas), Phlebotomus perniciosus and Phlebotomus ariasi (in
the Mediterranean basin) serve as vector of the disease
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(Desjeux, 2001; Martin-Sanchez et al., 1994). A pattern of
occurrence of human visceral leishmaniasis in periodic epi-
demic waves, spanning many years, has been observed
in endemic areas of Brazil (Badaro et al., 1986; Franke
et al., 2002; Sherlock, 1996). The reasons for such fluctu-
ation in the incidence of human cases of the disease are
poorly understood. However, climatic changes affecting
the population dynamics of humans, animal hosts, and sand
fly (phlebotomine) vectors has been reputed as a deter-
mining factor of the fluctuation in the number of human
visceral leishmaniasis cases (Franke et al., 2002; Quinnell
and Courtenay, 2009). In spite of this variation in the occur-
rence of the disease, the fact that periodical outbreaks of
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human visceral leishmaniasis are observed in the same
endemic area, suggests that the parasite is maintained in
the endemic areas, even in periods in which human disease
is nearly absent.

In this study we examined the distribution of out-
breaks of human visceral leishmaniasis and the prevalence
of Leishmania infantum (syn Leishmania chagasi) infection
in dogs of a visceral leishmaniasis endemic area in the
period between 1997 and 2010. The data on the tests
performed upon the stray dog population was obtained
from the records of a collaborative study carried out by
the Gongalo Moniz Research Center, FIOCRUZ, Municipal-
ity Zoonosis Control Services of Jequié and the Endemic
Diseases Control Center Piraja da Silva - PIEJ (Jequié, BA,
Brazil), aiming at different aspects of canine visceral leish-
maniasis (Baleeiro et al., 2006; Dos-Santos et al., 2008;
Paranhos-Silva et al., 2001). The stray dogs were collected
from the streets of Jequié (an endemic area of visceral
leishmaniasis in Bahia state, Brazil), and subjected to com-
monly used tests for detecting infection by L. infantum:
ELISA, for detecting anti-Leishmania specific antibodies in
the serum; culture of spleen aspirate for promastigote
isolation; and leishmanin (Montenegro’s) skin test (LST).
The technical details of the anti-Leishmania ELISA, the
LST and the splenic culture for Leishmania isolation have
been reported elsewhere (Dos-Santos et al., 2008). Sam-
ples of the parasites isolated from the dogs were identified
as L. infantum. Groups of 38-82 stray dogs were exam-
ined in each year of the study (Table 1). The data on
human cases and domiciled dog serology were collected
from the records of the PIE]. Human diagnosis of visceral
leishmaniasis was based on clinical and laboratorial signs
of the disease and a positive ELISA. Estimate of domi-
ciled dog infection was performed by immunofluorescence
test using the IFI-leishmaniose canina-Bio-Manguinhos kit
(FIOCRUZ, Rio de Janeiro, Brazil), following the manufac-
turer’s instructions.

During the period of the study, the number of human
visceral leishmaniasis cases decreased from 40 in 1997 to
21in 2001 and raised again to 35 cases in 2004, declining to
5 casesin 2008 (Table 1 and Fig. 1). In the same period, fluc-
tuations were also observed in the prevalence of dogs with
positive tests for Leishmania infection, with a decrease in
the proportion of animals with evidence of infection (pre-
senting with a positive ELISA, spleen culture or LST) from
66% in 1997 to 36% in 2001 reaching 87% in 2010 (Table 1).
This data on the prevalence of positive tests in stray dogs
was deeply influenced by the test used in the study. Nev-
ertheless, even when only the spleen culture, the least
sensitive test, is considered, the prevalence of infection in
dogs remained high (31 +11%). Even in the period of low-
est incidence of human cases (2001), 17% of the stray dogs
had positive spleen cultures. These observations support
the idea that dogs with active L. infantum infection main-
tain parasites in circulation within local host communities,
even in periods of low transmission by phlebotomines. The
high levels of active infection detected among the stray dog
population may be related to: (1) continuous dog exposi-
tion to sandflies even under conditions of low density of
this vector; (2) potential dissemination through non-usual
vectors such as fleas; (3) direct transmission between dogs

Table 1

Distribution of human visceral leishmaniasis cases and positive cases of L. infantum infection in dogs using different laboratory tests.

Human beings

Domiciled dogs

Stray dogs

Year

VL cases

Immunofluorescence

Any test

LST

ELISA

Spleen culture

[ci

*)

[cI

(%)
(5)

Ratio

(%) [c1]

Ratio

(%) [ci

Ratio

(%) [c1j

Ratio

[cI

(%)

Ratio

8

35

34

15

794/16 558

(1)

218/15291
241/4463

256/4063

16/45

1997
1998
1999
2000
2001

13/64

12/34
7/39
6/35

24/48
18/45
19/53
18/58

2004
2006

2008

2010

Ratio, number of animals with positive test/total number of tested animals; CI, 95% confidence interval; LST, leishmanin skin test; VL, visceral leishmaniasis N, number of cases.

2 Number of cases per 100.000 habitants.
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Fig. 1. Frequency of human cases of visceral leishmaniasis and of positive
spleen culture for Leishmania in dogs from Jequié, BA, Brazil, in the period
between 1997 and 2010. The characters a and b indicates time points with
significantly different prevalence of positive spleen culture in dogs (a, 95%
confidence interval of 4-30 in 2001 and 35-65 in 2004) or human cases
of visceral leishmaniasis (b, 95% confidence interval of 0-5 in 2001 and
17-33in 2004).

through wounds or secretion contacts during fights and
sexual intercourse, both usual in the packs of stray dogs; (4)
factors, such as malnutrition and co-infections, potentially
leading to progression of previously controlled infection
in some animals, as observed in other species (Enserink,
2000; Ferreira et al., 2009; Quinnell and Courtenay, 2009).
In fact, the results for different tests used to assess Leishma-
nia infection in dogs in this study depends upon the stage of
infection and susceptibility/resistance of the animals to the
development of visceral leishmaniasis (Cardoso et al.,2007;
Dos-Santos et al., 2008; Paranhos-Silva et al., 2003; Santana
etal., 2008). For instance, discrepancies are expected when
the results of the LST, which may reflect some level of resis-
tance to the development of disease, is compared with
positive spleen culture which reflects an active infection
(Dos-Santos et al., 2008; Santana et al., 2008).

It is noteworthy the similarity between the shape of
the curves that represent the frequencies of human cases
of visceral leishmaniasis and that of the positivity in cul-
ture of dog spleen aspirates (Fig. 1). Parasite detection in
internal organs (spleen, liver or bone marrow) is associ-
ated with active parasitism and high parasite burden, both
associated with disease (Paranhos-Silva et al., 2003; Reis
et al.,, 2006). Hence such similarity in curve shapes of the
frequency in human disease and active parasitism in dogs
suggest the effect of a possible environmental factor, such
as a high density of infected phlebotomines, determining
the outburst of disease in both species.

It would be interesting to compare the infection rate
between housed and stray dogs in an endemic area. In the
time period of this report, however, this was not done in
this work, as the infection rates for housed dogs, which
were far lower than that for the stray dogs (Table 1), were
determined by immunofluorescence and not by ELISA (as
was done for the stray dogs). Although it have been shown
that immunofluorescence is less sensitive than ELISA in
the detection of Leishmania infection, it is interesting to
notice that even the estimate of stray dog infection based
on spleen culture, which is considered less sensitive than
the immunofluorescence test, showed a high proportion

of infection among stray dogs in the whole period of the
study. One cannot, therefore, exclude the possibility that,
in comparison to housed dogs, stray dogs are more exposed
to infection and to factors that determine the emergence
of visceral leishmaniasis and/or positive spleen or skin
parasitisms. In this case, such a population of stray dogs,
frequent in most endemic areas of Brazil, may constitute
a renewable source of parasites, capable of sustaining the
persistence of the infection in urban areas, even in periods
of low transmission by phlebotomines.
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